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Abstract 
Gene transfer technology has revolutionized biological science. Since the 
first successful transgenic work reported by Gordon et al. in 1980, which opened 
the possibilities of permanent alteration of phenotype of an animal by gene 
manipulation, numerous attempts had been made to apply the technology in basic 
research and applied technology. In this study, attempts were made to produce 
zebrafish model for metal toxicity research, and to improve the growth 
performance of tilapia in aquaculture by transgenic technique. 
Metallothioneins (MTs) are metal binding proteins that are implicated in 
heavy metal ion detoxification processes, and their quantitations are commonly 
used as biomarkers for heavy metal exposure. As zebrafish is a common tropical 
fish model for toxicity testings and developmental biology research, the 
production of transgenic zebrafish with reporter gene driven by MT promoter will 
be of value in metal toxicity research. A 835bp zebrafish MT promoter with 4 
putative metal responsive elements was isolated and characterized for metal 
inducibility functions by transient expression assays on deletion mutants and 
electrophoretic mobility shift assay. A chimeric gene construct with green 
fluorescent protein under the regulation of zebrafish MT promoter has been 
produced and will be introduced into zebrafish embryos to establish transgenic 
lines that glow under metal exposure for non-destructive metal toxicity analysis. 
Growth enhancement had been achieved in transgenic tilapia using gene 
constructs with mammalian growth hormone (GH), salmonid GH or tilapia GH 
driven by human cytomegalovirus enhancer/promoter. However, for the sake of 
save dietary consumption, we aim at producing fast growing tilapia with ectopic 
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expression of homologous growth hormone gene driven by piscine regulatory 
elements. Growth hormone from a strain of tilapia, Oreochromis aureus, was 
isolated and linked downstream to the common carp p-actin and metallothionein 
promoters. Attempts have been made to introduce the linearized gene constructs 
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Chapter 1 Transgenic technology 
1.1 Transgenesis in animals 
Transgenic refers to animals or plants into which heterologous DNA 
(transgene) has been artificially introduced and integrated in their genomes (Chen 
etaL, 1996). 
The rise of transgenic research 
In the early 1970s, the first transgenic animal carrying experimentally 
introduced foreign genes was created by microinjection of simian virus 40 (SV40) 
DNA into the mouse blastocyst cavity (Jaenisch & Mintz, 1974). The injected 
blastocysts transferred to the uteri of synchronized pseudopregnant recipients 
resulted in about 40% of the mice bom showed to have the SV40 DNA 
incorporated into the somatic cells genome. These showed that foreign DNA 
injected into early embryos was incorporated stably into the chromosomes of 
some embryonic cells and maintained in them as they differentiated into adult 
tissue, even though germline transmission of the DNA was not achieved. Two 
years later, germline transmission of foreign DNA was demonstrated by exposure 
of zona-free 4- to 8-cell stage mouse embryos to Moloney leukemia retrovirus 
(Jaenisch, 1976). In the early 1980s, stable incorporation of foreign DNA into the 
mouse genome with successful germline transmission of the incorporated DNA 
was achieved by microinjection of recombinant DNA into pronuclei of murine 
zygotes (Gordon (3/., 1980; Brinster etal, 1981). 
All these pioneering studies demonstrated the ability of transgenic 
technology to create new strains of animals by artificially introducing exogenous 
gene into the genome, which could be transferred to the progeny through sexual 
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reproduction. The potential applications and benefits of transgenic technology had 
opened up a new era in biomedical sciences. 
Applications of transgenic technology 
Gene transfer, irrespective of the species, grant the rapid disperse of 
desired endogenous or exogenous genes within a given population. This set off 
genetic manipulation of animals for basic research and applied biotechnology on 
an unprecedented scale. Since the early 1980s, transgenic nematodes, fruit flies, 
crustacean, mollusks, fish, frogs, laboratory mice, rats, rabbits, sheep, goats, pigs 
and cows have been successfully produced (reviewed by Houdebine, 1997). 
In basic research, transgenic technology has been employed as a research 
tool in the production of laboratory animals bearing characteristics that are 
unobtainable by conventional breeding and selection techniques. Transgenic 
animals provide excellent models to elucidate gene regulation and expression, 
cellular differentiation, mechanisms of development, actions of oncogenes, 
biological functions of hormones at different developmental stages, cell 
interactions within the immune system, mammalian development, and animal 
models for human genetic diseases (Chen et al., 1997). 
In applied biotechnology, transgenic animals offer unique opportunities for 
producing animal models for biomedical research, designing bioreactors for 
producing valuable proteins for pharmaceutical or industrial purposes, and 
improving the genetic background of broodstock for animal husbandry, poultry 
fanning and aquaculture (Chen et al., 1997). The genetic engineering approach in 
developing transgenic animals offers a viable alternative to traditional animal 
stock breeding and selection. 
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Transgenic fish 
Gene transfer in mammals is technically difficult because zygotes must be 
maintained and manipulated in culture conditions assimilating the oviduct 
environment and then returned to female for implantation and further 
development. External fertilization in lower vertebrates makes transgenic work 
easier. 
Fishes, being the biggest and most diverse community in vertebrates, are 
good experimental models for studies of cell and developmental biology. An 
advantage to the application of gene transfer techniques in fish as opposed to 
mammals is that fertilization and development naturally occurs outside the body. 
Hundreds to thousands of eggs can be produced from females under well-
controlled experimental conditions. External fertilization of eggs is easily carried 
out by artificial stripping of female and male fish, followed by mixing of eggs and 
milt. Fertilized eggs are maintained in circulating bath of filtered, oxygenated 
water at desired temperature. The high fecundity of fish permits a rapid diffusion 
of the transgene in domestic strains, and the techniques of induced gyno gene sis or 
androgenesis will permit their very rapid fixation at the homozygous state. 
The feasibility of gene transfer in fish was demonstrated by the transfer of 
DNA from various sources into the neural crest region of developing swordtail 
embryos by microinjection (Vielkind et al, 1982). Since Zhu et al. reported the 
first successful gene transfer to fish zygotes by microinjection in 1985, fish has 
been the most commonly used animal for gene transfer studies (Zhu et al., 1985). 
Though initial interest in the use of gene transfer in fish stems from the 
increasing importance of fish protein in human diets, transgenic fish studies are 
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also valuable to scientific understandings such as to learn about the fundamental 
aspects of gene regulation in higher organisms by putting novel genes into fish. 
Transgenic fish researches mainly focus on two areas recently. One is the 
use of small aquarium species, such as zebrafish and medeka, as genetic models in 
developmental and environmental studies because they can be reared at a low cost 
in a rather limited space and their generation intervals are short. The other is 
domestic aquaculture species, such as salmonids (trouts and salmons) and 
cyprinids (carp-related species), which are being improved on growth rate for 
aquaculture. 
1.2 Transgenic fish in toxicology 
1.2.1 Aquatic metal toxicity 
Heavy metals are a group of metallic elements with atomic weights greater 
than 40 and are characterized by similar electronic distribution in their external 
shell. These exclude alkaline earth metals (e.g., calcium, magnesium), alkali 
metals (e.g., sodium, potassium), lanthanides, and actinides (e.g. uranium). The 
heavy metals zinc, copper, cadmium, silver, mercury, gold, nickel, and cobalt are 
in trace amount relative to bulk elements, but yet ubiquitous components of the 
bioshpere (Hamer, 1986), and they are natural components of sea water and 
sediment. 
Heavy metal contaminations in the aquatic environment poses threat to 
both marine and fresh water fish, which are continuously exposed to toxic matters 
from human activities such as from pipes and tanks in domestic systems, and from 
industrial processes. In aquatic systems, the heavy metals of greatest concern are 
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copper, zinc, cadmium, mercury, and lead. These elements are toxic to organisms 
above specific threshold concentrations. Many of them, such as copper and zinc, 
are essential for metabolism at lower concentrations, while some, such as lead and 
cadmium, have no known biological function. Other elements of concern are 
aluminum, chromium, selenium, silver, arsenic, and antimony, which have 
contributed to serious problems in freshwater, estuarine, and coastal ecosystems 
(RandeM/., 1995). 
The toxicity of metal contamination in the aquatic enviromnent varies with 
environmental conditions such as water quality (e.g., hardness), which greatly 
affects the chemical speciation of metals, and aquatic species whose metabolic 
processes play an important role in its susceptibility to metal toxicity. 
1.2.2 Environmental monitoring of aquatic metal toxicity 
The evaluation of aquatic ecosystems for contamination are frequently 
accomplished by quantitation of water, sediment or tissue residue levels by 
analytical chemical methods (Carvan et al., 2000), and evaluating them for acute 
toxicity using standardized toxicity test protocols. 
Heavy metals are present in the tissue as divalent cations, which bound to 
different classes of biological ligands. Their ability to accumulate in internal 
organs, especially in liepatopancreas, liver, kidney, and gills, can give toxic effects 
after a long period of exposure has ceased. Biomonitoring is important to evaluate 
the acute as well as sublethal effects of environmental pollutants because 
biological responses may be elicited at chemical concentrations below analytical 
detection limits or after chemical exposure has ceased (Rand et al., 1995). 
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Continuous fish cell lines have been used as tool for cytotoxicity tests 
measuring lethality and survival over a specific period of time, which are typical 
effect criteria in acute exposure tests, and have been used as an index for initial 
estimation of the concentration and potency of a chemical (Dierickx & Bredael-
Rozen, 1996). Although this procedure has been used successfully, it measures 
toxicity at a single point in time in a non-dynamic system, and does not accurately 
replicate the constantly changing conditions encountered by aquatic organisms in 
the natural environment (Mochida et al, 1988; Ryan & Hightower, 1994; Lyons-
Alcantara et al., 1996). 
Toxicants in aquatic ecosystems may enter the food chains via 
phytoplanktons, and be accumulated in apparently healthy commercial fish at sub-
lethal levels by bioconcentration, and eventually end up in humans. Therefore, in 
vitro cytotoxicity tests themselves alone cannot be used independently to provide 
indication of hazards to man or animals. Assays using whole animals as opposed 
to those employing cell cultures or subcellular fractions have distinct advantages. 
By using whole animal, the complexity of the biological system is maintained and 
potential biological effects can be observed directly rather than inferred. 
1.2.3 Biomarkers 
Biomarkers are measurements of responses to environmental chemicals at 
any biological organization that indicate sublethal exposures to or effects of toxic 
chemicals. Biomarkers have been categorized according to the stages at which 
they can detect environmentally induced stress. These include biomarkers of 
effect, exposure, and susceptibility (Grandjean et al., 1994). Biomarkers of effect 
include changes in metabolism, physiology, morphology, histology, and 
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immunology at tissue, organ and whole organism levels; or changes in DNA and 
proteins at the lower molecular and cellular levels (Ryan & Hightower, 1994). 
Biomarkers of exposure detect environmental exposure before damages occur. 
Biomarkers of susceptibility measure inherent or acquired variations of an 
individual in response to environmental exposures. 
The use of biomarkers for monitoring environmental quality stems from 
the need to develop sensitive and biochemically based tools for measuring the 
toxic effects of chemicals on key organisms in ecotoxicology and environmental 
risk assessment. Biomarker assays are based on molecular mechanisms that 
underlie toxicity, and provide measures of toxic effects. They are particularly 
valuable for detecting and quantifying toxic effects to organisms exposed to 
mixtures of compounds in the field. 
Moreover, sublethal effect criteria indicating toxic stress at a stage before 
death are important to prevent mortalities. Biochemical responses of animals to 
environmental chemicals can give measures of exposure, and sometimes also 
toxic effect. Measurements of exposure are useful in the case of non-persistent 
chemicals which are difficult or impossible to detect by chemical analysis. They 
can also be useful to provide an integrated measure of the level of exposure to a 
group of related chemicals. 
Changes in heavy metal concentrations in organisms can dramatically 
affect the expression of many genes, such as heat shock proteins, superoxide 
dismutase, heme oxygenase, and several acute phase proteins. The best-known 
metal-regulated genes are the metallothioneins (MTs), which are low molecular 
weight metal-binding proteins typically controlling elevated levels of trace metals. 
MTs may also sequester heavy metals, modifying the toxicological bioavailability 
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of accumulated metals and subsequently reducing toxicity in organisms (Rand et 
al., 1995). Because of these, metallothionein has been considered as a biochemical 
indicator of heavy metal pollution for the detection of specific and early responses 
on the subcellular level, and for estimating the degree of water contamination 
caused by heavy metals. 
Biomarker assays which employ non-destructive sampling methods may 
be used as alternatives to replace, reduce, or refine currently used tests that cause 
suffering to vertebrate. Transgenic animals are unique tool for understanding how 
interactions between individual genes and the environment affect human health. 
Transgenic mice models have been useful in the area of toxicology for a number 
of applications, including mutagenesis, carcinogenesis, stress response and risk 
assessment (Schmezer et al., 1998; Contrera & DeGeorge, 1998; Gulezian et al., 
2000; Chen et al., 2000). Furthermore, the end-points of toxicity used in in vivo or 
in vitro studies are so diverse that in situ exposure of transgenic aquatic organisms 
overexpressing or lacking a certain protein (such as an enzyme or receptor) allows 
the evaluation of a potentially contaminated site under the variable conditions that 
normally occur over a period of time, and a much better understanding of the 
physiological functions of proteins of interest and of their potential role in 
chemical toxicity. By subjecting transgenic animals with individual but related 
characteristics to standard toxicology protocols, a delineation of the relationship 
between biochemical and metabolic pathways and aquatic metal toxicity can be 
obtained. 
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1.3 Transgenics in aquaculture 
1.3.1 Revolution is needed in aquaculture 
The United Nations Food and Agricultural Organization (FAO) reported 
that the total world fish production expanded rapidly during the second half of 21'^  
century, reaching 121 million tonnes in 1996. Of the 121 million tonnes global 
fisheries production, 20 percent (corresponding to 29 percent of food fish) was 
provided by aquaculture whose output grew dramatically for the last ten years 
while capture fisheries production only registered a slight increase (FAO, 1999). 
As wild stocks continue to be depleted, world supplies of wild fish stock 
are decreasing drastically. Aquaculture, which is the husbandry of aquatic animals 
and plants at densities greater than those found under natural conditions (de la 
Fuente, 1998), represents an alternative means to meet the increasing demand for 
fish products. In the past, production of fish through intensive culturing has 
increased substantially, and genetic improvement for aquaculture is obtained 
essentially by selective breeding. 
However, the intensive use of highly inbred strains results in a lack of 
genetic diversity, which can have dire consequences. Moreover, improvements of 
domestic animals by selection and breeding had been bounded by the segregation 
of alternative alleles or pre-existing, fortuitous polymorphism in the stock. The 
amount of genetic variation present within a particular species as well as the 
change that can be achieved in selective breeding are other limitations. Depended 
on the slow natural variation and the generation intervals of species involved, time 
required through several generations to attain genetic changes within a population 
can range from years to centuries. The rate of brood stock improvement had been 
low (Notarianni & Evans, 1992). In order to sustain the huge population on Earth, 
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breakthroughs on the slow and repeatedly punctuated improvements made by 
selective breeding are needed. The more effective, efficient and deliberate 
modification of brood stock genome is now possible through the use of 
recombinant DNA and gene transfer technologies, which help overcome the 
limitations in aquaculture, and promise more for less. 
Based on the findings that mouse size could be significantly enhanced with 
the incorporation of a rat growth hormone gene into the mouse genome (Palmiter 
et al., 1982), enhancement in the growth rate of fish is possible through genetic 
engineering. Fish with new and desirable genetic and phenotypic characteristics 
will be economically beneficial. Potential parameters for genetic modification 
include growth rate, color, flavor, texture, food conversion efficiency, resistance 
to diseases and bacterial infection, and tolerance to intensive culture and low 
temperatures, etc. 
1.3.2 Aquaculture potential of tilapia in China 
Tilapias are members of the cichlidae family. They are fresh water fish 
that can tolerate brackish water, while many of them are euryhaline species. They 
are prolific breeders, tough, disease resistant, and good converters of feed 
surviving on a diversity of food. Algae are probably their most common food in 
the wild. On fish farms, they are fed on a high-protein pelleted feed. They require 
water temperatures from 76 to 84 degrees Fahrenheit. 
Native to Africa and the Middle East, where tilapias have been farmed for 
about 2,500 years and were found exclusively until about 50 years ago. Now, they 
are, after the carps, the most popular fish for culture in the world, being reared in 
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countries with tropical or semi-tropical climates in Africa, Europe, and throughout 
the Pacific, Japan, China, Israel, and the Caribbean (Landau, 1992). 
This group of tropical fish has gained their importance in aquaculture 
around the world because they can be produced in various aquatic environments at 
a relatively low cost They grow fast, reaching market size in about half a year, 
and have fine-tasting white, flakey meat with high potential to replace marine fish 
in some white fish products, and have high market acceptability (Wohlfarth & 
Hulata, 1981). 
Global production of aquaculture has been dominated by China, which in 
1996 accounted for more than 67,8% of world output. In 1996, tilapia accounted 
for about 5% of all cultured fmfish, and this share is very likely to increase 
significantly over the next ten years. World cultured production of tilapia has risen 
steadily from 1984 to 1996, during which the largest contribution was made by 
China whose production increased from about 17 thousand tonnes to 400 thousand 
tonnes corresponding to half of the world production in 1996 (Figure 1-1) (FAO, 
1999). 
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Figure 1-1 Distribution of cultured tilapia production. World cultured production of tilapia 
has risen steadily at an average annual rate of 12% from 1984 to 1996. (Source: FAO) 
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1.3.3 Endocrinology for fish growth 
The regulation of postnatal growth is an exceedingly complex process that 
involves an interplay between circulating hormones, genetic potential, and the 
prevailing nutritional status of the animal The hormonal cascade controlling 
growth consists of an array of hormones principally involved in the hypothalamus, 
pituitary gland, liver and peripheral tissues. The most significant of the hormones 
for growth is an intermediate in this cascade, the anterior pituitary growth 
hormone, which regulates growth and metabolism during development 
(Daughaday, 1985). Growth hormone (GH) is an anabolic polypeptide hormone 
synthesized in the alpha cells of pars distalis of the pituitary gland of all 
vertebrates (reviewed by Weatherley & Gill, 1987), from which source it is 
released into circulation and exerts stimulating influences over growth and 
development. 
GH is under the neurohumoral regulation of two hypothalamic peptides, 
growth hormone-releasing hormone (GHRH) and somatostatin. GHRH stimulates 
GH secretion, whereas somatostatin inhibits the release of GH reducing 
circulating GH levels in a dose-dependent manner. Sex steroids such as 
gonadotropin-releasing hormone (GnRH) has been suggested to play a role in the 
induction of GH release by modulating the levels of GHRH receptors in the 
pituitary glands in tilapia. Dopamine has also been found to increased GH 
secretion (Melamed et al., 1995). 
Once in the circulation, a substantial proportion of the GH appears to bind 
to a specific binding protein, which is probably responsible for controlling the 
hormonal half-life in the circulation (Sumpter, 1992). After binding to specific 
cell receptors (GH-R), GH stimulates the synthesis and secretion of insulin-like 
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growth factors (IGF-I and IGF-II) primarily from liver to elicit the growth 
promoting action in an autocrine and paracrine fashion (Shepherd et al., 1997; 
reviewed by de la Fuente et al., 1999). GH and IGF-I act in concert on peripheral 
tissues to stimulate growth, maintain appropriate body composition, cell 
regeneration and organ function. While IGF elicits a negative feedback on the 
secretion of GH in the pituitary gland in tilapia (reviewed by de la Fuente et al, 
1999), circulating GH levels also present a direct ultra-short negative feedback 
loop at the pituitary level GH secretion in rainbow trout (Agustsson & Bjomsson, 
2000). 
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Figure 1-2 Hormonal regulation and metabolism of growth hormones in fish (modified from 
Welt, 1993). 
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1.3.4 Growth promotion by exogenous growth hormone in tilapia 
Growth hormone, being a polypeptide hormone rather than a steroid 
hormone, is readily broken down in the gut if fed to animals, at least in most 
vertebrates, although in many fetal animals and young stages of some fish species 
it may pass through the gut and exert influence via the dietary route. Like other 
polypeptide hormones such as insulin, it is effective when injected (Maclean & 
Penman, 1990). 
Growth stimulation and increased food conversion rate in fish were 
demonstrated by injections of natural and recombinant bovine growth hormone 
(Donaldson et al., 1979), and recombinant chicken and bovine growth hormone in 
juvenile coho salmon in a dose dependent fashion (Gill et al., 1985). Growth 
enhancement has also been achieved in coho salmon by administrating 
recombinant GH by intraperitoneal injection and cholesterol pellet implants 
(Down et al., 1988). These studies showed that avian and bovine GH produced 
from recombinant gene constructs and natural bovine GH all possess growth 
enhancing bioactivity in fish. Similar recombinant GH gene constructs have since 
then be used in studies to improve growing efficiency of commercial aquaculture 
species. 
With the success of avian and mammalian growth hormone, efforts had 
been paid on isolating and cloning piscine GH gene and cDNA, such as from 
rainbow trout (Agellon et al., 1988a), Atalantic salmon (Johansen et al., 1989), 
grass carp (Ho et al, 1989), Chinook salmon (Du et al., 1993), silver carp (Hong 
& Schartl, 1993), channel catfish (Tang et al, 1993), tilapia nilotica (Rentier-
Delme et al., 1989; Ber & Danid 1992; Ber & Daniel, 1993) and tilapia 
mossambica (Sekkali et al., 1999). 
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Growth performance on fish had been studied with the administration of 
biosynthetic homologous GH preparations. Weekly injection of recombinant trout 
GH was shown to dramatically accelerate the normal growth of yearling of 
rainbow trout (Agellon et al., 1988b). Seven intraperitoneal (IP) injections of 
biologically active E. co/z-derived recombinant tilapia growth hormone (tiGH) 
showed a dose-dependent effect of tiGH on the growth performance of juvenile O. 
homorum tilapia that ultimately resulted in a growth-promoting action at a dose of 
0.5|LLg tiGH per gram body weight (Guillen et al., 1998). Three IP injections of 
yeast-derived tiGH on Oreochromis sp. resulted in 1.4-fold increase in length and 
1.7-fold weight gain (de la Fuente etal., 1998). 
Although exogenous application of biosynthetic GH has been shown to 
significantly enhance growth in tilapia, it is not cost effective for routine practice. 
The cost in the production of purified biosynthetic GH is high. The optimal 
hormone dosage for each fish species is difficult to identify. GH uptake into fish 
from an exogenous source is inefficient (Chen et al., 1997). The process of 
injecting individual fish with hormone is labor-intensive and poses technical 
problems, which can be alleviated by the use of transgenic fish. 
1.3.5 Accelerated growth in transgenic fish 
Transgenic mice expressing exogenous genes for rat GH (Palmiter et al., 
1982) and human GH (Palmiter et al., 1983) were shown to grow more rapidly. 
Transgenic fish producing higher levels of circulating growth hormone by itself 
seems a long-term solution to accelerate fish growth with lower operating cost. 
Since the first successful gene transfer in goldfish (Zhu et al., 1985), 
attempts to produce transgenic fish with ectopic growth hormone gene has been 
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made over the years in a wide variety of fish species including Arctic charr. 
(Pitkanen et al., 1999), carp (Zhang et al,, 1990; Chen et al., 1993) catfish 
(Dunham et al., 1992), medaka (Inoue et al., 1990; Lu et al, 1992), rainbow trout 
(Devlin et al., 1995), salmon (Du et al., 1992; Devlin et al., 1994; Devlin et al., 
1995), and tilapia (Brem etal, 1988; Martinez etal, 1996; Rahman a/., 1998). 
1.4 General principle in transgenic fish production 
Transgenic fish production principally aims at adding new useful functions 
to transgenic individuals. The production of transgenic fish involves identifying 
functional genes of interest, preparing gene constructs, transferring gene 
constructs into germline of fish, identifying transgenic individuals, and selecting 
desired phenotype for producing homozygous transgenic fish as brooder stock 
(Figure 1-3). 
Identification of gene of interest 
Depending on the purpose, a wide variety of different genes can be used. 
Reporter genes which can be quantitatively measured such as bacterial CAT, (3-
galactosidase and luciferase genes, and jellyfish green fluorescent protein (GFP) 
are popular candidates for studies in tissue-specific and developmental-stage-
specific expression, and in gene regulation by a given promoter/enhancer element. 
Functional genes of value in aquaculture, such as growth hormone and antifreeze 
protein, have also been exploited. 
Preparation of gene constructs 
The design of gene constructs depends solely on its application. Elements 
of gene constructs, which are generally assembled in plasmids using standard 
16 
recombinant DNA techniques, include the desired structural gene together with 
appropriate promoter/enhancer elements for producing gene products for proper 
spatial and temporal expression. Both genomic and complementary DNA (cDNA) 
copies of coding sequence can give rise to transgenic individuals. 
Transgenic DNA is generally delivered as supercoiled plasmid containing 
both the bacterial vector and the eukaryotic transgenic construct, as linear DNA 
sequences with or without the bacterial vector, and as ligated concatamers of 
linear transgenic constructs without the bacterial vector. Despite the comparative 
ease for enzyme degradation, linear gene constructs are normally used for 
introduction into the fertilized eggs of the chosen fish species. There have been 
findings supporting the use of linear constructs, which resulted in higher 
transformation rate than circular ones (Chourrout et al., 1990; Gibbs & Schmale, 
2000). 
Gene transfer techniques 
Since a single fertilized egg divides to produce every cell in the organism, 
zygote integrated with a foreign gene will result in the formation of offspring in 
which every cell contains the desired gene. Methods that have been used for gene 
transfer include microinjection, electroporation, retroviral gene transfer, sperm-
mediated transfer, particle bombardment, and lipofection. Among these 
techniques, microinjection and electroporation are two most commonly used for 
transferring DNA into the gametes of organisms, while retroviral gene transfer has 
been gaining importance. 
Microinjection was first described for mouse embryos in 1966 by T. P. Lin 
(reviewed by Chen et al, 1997), and it was the only available method in the early 
days of transgenic experiments. There have been plenty of successful transgenic 
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fish examples by microinjection in spite of the difficulties associated with the 
microinjection on eggs of fish. Fish pronuclei are often too small to be seen 
clearly under a microscope and are obscured by an opaque chorion, dense 
cytoplasm, and large yolk mass. Thus transgenes are often transferred by 
microinjection into the cytoplasm of fertilized eggs. At the time of fertilization, 
the chorion of eggs undergoes water hardening, making microinjection more 
arduous in some fish, such as salmonids, whose tough chorion is difficult to 
puncture through with a microinjection needle. Injection has to be carried out 
either via micropyle prior to blastodic formation, or after dechorionation or boring 
a hole in the chorion with a larger needle (Fletcher et al., 1998). However, since 
fish eggs undergo their first cell division in about half an hour to several hours 
after fertilization for most fish species, not much time is available to inject 
fertilized eggs via the micropyle. Injection rate of about 50 to 1000 eggs/hr, 
depending on the type of eggs as performed by well-trained workers, is still 
insufficient to treat thousands of eggs for a few percent of germline transgenic fish 
(Hackett, 1993). 
Electroporation has been used for transferring exogenous DNA into 
bacteria, yeast, plant cells and animal cells with a high frequency of stable 
transformation. It makes use of electric field to reversibly form micropores in cell 
membranes (Zimmermann, 1982). Beyond a threshold level, high-voltage electric 
shocks cause membrane components to become polarized and breakdown in 
localized areas, thus transiently permeable to exogenous molecules, such as DNA, 
to diffuse into the cell. DNA molecules that gain entry into the cell through the 
micropores can ultimately enter the nucleus. This versatile gene transfer technique 
has been applied for transferring foreign genes into unfertilized or newly fertilized 
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fish eggs in many different fish species such as African catfish {Clarias 
gariepinus), channel catfish {Ictalurus punctatus), common carp {Cyprinus 
carpio), medaka {Oryzias latipes), rosy barb (Barbus conchonius), and zebrafish 
(Brachydanio rerio) (Inoue et al‘, 1990; Buono & Linser, 1992; Powers et al, 
1992; Muller era/., 1993). 
Retroviral gene transfer is a powerful technique for single-copy stable 
integration of expressed genes into the genome of virtually all cell type (Kingston, 
1995). Retroviruses, which are single-stranded RNA viruses, integrate into the 
genome of the infected cell by a precisely defined mechanism that only a single 
pro viral copy is inserted at a given chromosomal site and no rearrangements of the 
host genome are induced apart from a short duplication of host sequences at the 
site of integration. The main advantage of the use of retroviruses or retroviral 
vectors for gene transfer into animals is the technical ease of introducing virus 
into the embryos at various developmental stages with high efficiency (Jaenisch, 
1988). In the past, the application of retroviral gene transfer technology in fish is 
limited by the lack of fish retroviruses. The production of virus which can infect 
both mammalian and non-mammalian cells by pantropic packaging cell line 
(Bums etai, 1993) provides another option for gene manipulation in fish. 
Characterization of transgenic fish 
Preliminary screening for presence of foreign genes in genetically 
manipulated fish is carried out by PCR analysis, followed by Southern blot 
analysis of the amplified products. Though efficient, this gives no information on 
whether integration has taken place or not because the transgenes may persist in 
very young fish transiently as extrachromosomal DNA. It is believed the origin of 
replication that exits in transgene constructs may allow some replication activity 
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to continue. Besides, the number of gene copies introduced in the beginning is 
always large, and transgene may be diluted following cell division until they 
integrate. Because of the persistence of transgene in fish larvae, integration of 
transgene into the host genome can be confirmed only by Southern blot 
hybridization of restriction enzyme digested genomic DNA at later stage of 
development. 
Selection of transgenic fish lines 
For the establishment of transgenic fish lines, stable integration of 
transgene is mandatory for continued vertical transmission to subsequent 
generations. Since mosaic distribution of the foreign genes is unavoidable, the 
establishment of transgenic fish line requires transgenic individuals be evaluated 
on germ line transmission of stably integrated transgene. Transgenic lines with 
stable integration of transgene can be determined by mating the PI transgenic 
founders to nontransgenic individuals and testing the progeny for the presence of 
transgene, followed by detailed analysis of the rate of transmission of transgenes 
to F1 and F2 generations. Stable germ line integration of transgene will result in 
50% transgenic progeny if backcrossed with nontransgenic controls. 
Along with stable inheritance, the expression of transgene at appropriate 
levels resulting in desirable phenotyes is also important criteria for selection of 
transgene lines. Transgene expression can be detected by Northern blot 
hybridization, dot blot hybridization, RNase protection assay, RT-PCR, 
immunoblotting assay and other biochemical assays for transgene protein product 
detection (Chen et al., 1997). Apart from the evaluation of the transgenic trait in 
characterizing a transgenic line, animals should be evaluated for absence of 
undesirable side effects in both sexes in both the hemizygous and homozygous 
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transgenic states as well. This is just the same case as the selection of healthy and 
productive ones in traditional breeding methods. 
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Figure 1-3 Flow chart showing the major steps in the generation of transgenic fish. 
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1.5 Project aim 
In this study, we aim at identifying promising genes and regulatory 
promoters for the engineering of gene constructs in the production of transgenic 
fish. The long-term goals are to produce two different types of transgenic fish. 
The first one is the development of a transgenic zebrafish line expressing green 
fluorescent protein upon heavy metal exposure as a non-destructive biomarker 
assay to evaluate the effect of aquatic heavy metal pollution at the subcellular 
level for use in both laboratory and parallel field studies. The transgenic zebrafish 
line can also be used to study the gene regulation of metallothionein in zebrafish. 
The second one is the generation of a transgenic tilapia line with enhanced growth 
characteristics for dietary consumption. 
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Chapter 2 Isolation and characterization of zebrafish 
metallothionein gene promoter 
2.1 Introduction 
2.1.1 Metallothionein 
Metallothionein is a family of ubiquitous low molecular weight (6 to 7 
kDa), nonenzymatic, cystein-rich heavy metal-binding proteins that are widely 
conserved in higher eukaryotes. MT has characteristic amino acid composition 
(high Cys content, low content of aromatic amino acid residues), and unique 
amino acid sequence with characteristic distribution of Cys (i.e. Cys-X-Cys or 
Cys-X-X-Cys), and spectroscopic manifestations characteristic of metal thiolate 
clusters (Kagi, 1991). 
MT was discovered in 1957 when Margoshes and Vallee identified a 
cadmium-binding protein in equine kidney cortex responsible for the natural 
accumulation of cadmium in this tissue (Margoshes & Vallee, 1957). Since then, 
MTs have been identified in a wide range of species in many prokaryotes, in 
eukaryotic microorganisms, in higher plants, and throughout the animal kingdom, 
where they present in various tissues and cell types with a great deal of sequence 
and structural homology, especially conserved in the cysteine residues. The 
existence of MT across species is indicative of its biological demand, while the 
conservation of cysteines indicates that these are undoubtedly central to the 
function of this protein (Hamer, 1986). 
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2.1.2 Biological functions 
Over 40 years of research into MT since its discovery, much information is 
available on this protein, but there is still difficulty in assigning it a definitive 
biological role. With the multiple MT isoforms that exist, and the great variety of 
substances and agents that act as inducers, there have been many proposed 
biological roles of MT. These include homeostasis of essential metals, cellular 
free radical scavenging, metal detoxification, and participation in cell proliferation 
and apoptosis. 
The roles of MT in metal metabolism and detoxification have been under 
intensive studies. They are involved in trace metal homeostasis (such as zinc and 
copper), in detoxification of more posionous non-essential metals (such as 
cadmium and mercury). In metal homeostasis, MTs act in a number of 
biochemical processes by providing a reservoir for supplying zinc and copper in 
the biosynthesis of metalloenzymes and metalloproteins, for instance in zinc 
trafficking to supply zinc to enzymes within the cell that are zinc requiring. MTs 
also play an active role in the protective response to metal toxicity in the defense 
of our body against heavy metals. They chelate metal ions within the cell through 
formation of metal-thiolate bonds with their numerous cysteine residues. This may 
be followed by excretion of the metallothionein protein complex from the cell and 
the organism via the kidney. MTs are thought to serve in the unspecific protective 
function, limiting the intracellular concentrations of reactive heavy metal ions and 
shielding cellular structures from the harmflil influences of toxic metals (Kagi & 
Schaffer, 1988; Kojima & Hmiziker, 1991; Roesijadi, 2000). 
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2.1.3 Metallothionein gene regulations 
The most conspicuous biological feature of MTs is their inducibility by a 
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wide variety of physiological and toxicological stimuli such as metal ions (Cd , 
Zn2+’ and Cu^^, hormones, second messengers (such as cAMP and 
diacylglycerol), growth factors, inflammatory agents, cytotoxic chemicals (and 
their downstream mediators, cytokines), tumor promoters, oncogene products, 
alcohols, herbicides, vitamins, antibiotics, and stress agents (including UV 
irradiation, heat and cold exposure, oxidative stress, or tissue injury resulting from 
exposure to turpentine, carbon tetrachloride, or bacterial endotoxin). Among these 
inducers, metals are the most potent, while others have less prominent effects 
varying among different isoforms, and are more restricted in cell types (Hamer, 
1986; Kagi & Schaffer, 1988; Kagi, 1991). 
The fine control of MT expression is accomplished by its complex 
regulation which occurs mainly at the level of transcription initiation. Differential 
patterns of expression are observed as variable transcription activity in different 
tissues and cell types, diverse levels of transcription among MT isoforms, and 
diverse response to metal inducers (Kagi & Schaffer, 1988). 
In vertebrates, all MT genes are divided into a 5'-flanking region, a 5' 
untranslated region, 3 coding exons separated by 2 introns and a 3'-flanking end. 
The ability of vertebrate MT genes to be induced by metals is controlled by a 
variety of regulatory elements, including cw-acting elements in the 5' upstream 
region and many trans-acting cellular factors, which are crucial for induction by 
metals (Hamer, 1986). Among these are one or more copies of cw-acting metal 
regulatory element (Stuart et al., 1985), called metal responsive element (MRE), 
which present in multiple imperfect copies with a very highly conserved core 
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sequence 5'-TGCRCNC-3', where R is purine and N is any nucleotide, and can be 
present in different orientation. MREs act as binding target for the transcription 
activating protein factor (MTF-1) (Brugnera et al., 1994) regulating MT gene 
expression in the presence of metals. 
2.1.4 Metallothionein as biomarker for metal pollution 
Although a variety of agents have been shown to induce MTs, metals are 
still the common and most potent inducers of all MT isoforms (Kagi & ScMffer 
1988). The relationship between MT levels and concentrations of several metals 
has been examined in various organisms such as snail and earthworm (Dallinger et 
al., 2000), fish (Galvez et al., 1998; Olsvik et al., 2000) and shrimp (Lindahl & 
Moksnes, 1993), oysters (Roesijadi, 1994) chicken (Sauer et al., 1998), rats and 
mice (Kenaga et al., 1996), and raccoons (Burger et al, 2000). 
Animals respond to exposure to elevated metal concentrations by 
increasing MT synthesis, which is associated with increased capacity for binding 
these metals and protection against metal toxicity. The increasing knowledge of 
MTs and their inducibility by metal exposure supports the idea of using them as 
potential biomarkers for environmental metal pollution. The study on fish and 
shrimp (Lindahl & Moksnes, 1993) demonstrated that induction of MT was a 
sensitive and rapid indicator of direct effects of heavy metal. Because of these, the 
biochemical response of metallothionein for being inducible by metal has been 
proposed as a biomarker for exposure to metal pollutants and a useful complement 
to heavy metal surveys in the field and toxicity tests in the laboratory. 
There are numerous advantages to the use of zebrafish in studies of aquatic 
metal toxicology. Although exposure to a single toxin in the laboratory can 
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determine the concentration at which a pollutant becomes a health or 
environmental hazard, embryos and adults in nature are not merely affected by a 
single chemical, but are exposed to mixtures of different pollutants. Studies 
should be carried out to seek correlation between the effects of combined metal 
exposure, MT expression and toxic effects to zebrafish with projection to other 
organisms. 
There have been many methods for the quantification of metallothionein 
mRNA and protein, such as reverse transcription polymerase chain reaction, 
radioactive indicator method (Avramova et al., 1999), immunological methods, 
and polarographic method (Lindahl & Moksnes, 1993). 
The aim of this chapter was to isolate zebrafish metallothionein promoter 
and characterize its function for subsequent use in the quantification of MT 
expression at the transcriptional level. 
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2.2 Materials and methods 
2.2.1 General molecular biology techniques 
Cloning blunt end fragments 
Blunt end DNA fragments generally obtained from PCR amplifications 
were gel purified using the CONCERT™ Matrix Gel Extraction System (Gibco 
BRL) as suggested by the manufacturer. 
Gel purified DNA fragments were phosphorylated with T4 polynucleotide 
kinase (Gibco BRL) at 37 C for 1 hour in Ix kinase buffer supplied and a final 
concentration of ImM ATP. Kinased fragments were ligated to pUC18 via Sma I 
site with Ready-To-Go™ pUC18 Sma I/BAP + ligase (Pharmacia Biotech) as 
described by the manufacturer. For ligation to Sma I digested and 
dephosphorylated pBluescript vector, T4 DNA ligase (Pharmacia Biotech) was 
employed, and ligation reaction was carried out at 16 C for 16-20 hours in Ix 
One-Phor-All PLUS buffer and a final concentration of ImM ATP. PCR products 
from Tag and Tth (Advantage® Genomic PCR Kit) DNA Polymerase 
amplification required an extra polishing step before performing ligation to fill up 
the 3’A ends by the action of T7 DNA polymerase in the same buffer as that for 
ligation and dNTPs to final concentration of ImM. 
Cloning sticky end fragments 
Sticky end DNA fragments of insert and vector obtained by digestion with 
restriction enzymes that leave complementary overhang ends were mixed and 
heated to 65 C for 10 minutes, incubated at 37 C for 10 minutes, and then chilled 
on ice. One-Phor-All PLUS buffer, 2|il of lOmM ATP and T4 DNA ligase 
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(Promega) were added to the chilled insert and vector mixture to make up to a 
20|0,1 reaction. Ligation was performed at 16 C for 16-20 hours. 
Preparation of Escherichia coli Competent cells 
Permeabilized E. coli (competent cells) were prepared by inoculating 
single colony of E. coli in CG medium (Molecular Biology Certified Bacterial 
Growth Media, BIO 101, Inc.) from frozen stock until OD600 reached 0.25 to 0.4. 
Cells were chilled on ice for 5 mins and then collected by centrifugation at 
6000rpm for 10 mins at 4®C. Cell pellet were then gently resuspended in 20 ml 
ice-cold sterile filtered Ca/glycerol buffer (60mM CaCk, lOmM Pipes, 15% 
glycerol). Cells were precipitated by centrifugation at 6000rpm for 10 mins at 4°C, 
followed by gently re suspending in ice-cold Ca/glycerol buffer and incubation on 
ice for 30 mins. Cells were collected by centrifugation at 6000rpm for 5 mins at 
4°C, resuspended in 5 ml of Ca/glycerol buffer, dispensed into 100|il aliquots, 
snapped freeze in liquid nitrogen, and stored at -70°C until needed for 
transformation. 
Replication of DNA vectors in E. coli 
Escherichia coli strains DH5a and JM 109 were used for the replication of 
DNA vectors, either purified or newly joined in ligation reaction. Appropriate E. 
coli strain were transformed by thawing on ice, mixing with the circular plasmid 
DNA, subjected to a brief period of heat shock at 42 C for 90 seconds, chilling for 
5 minutes, and recovering at 37°C for 45 minutes. E coli that propagate purified 
DNA vectors or ligation products were selected with the appropriate antibiotic, 
0.2 mM IPTG and 40 |J.g/ml X-gal incorporated in CG agar plate. 
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Plasmid preparation procedures 
In a small scale plasmid preparation, discrete colonies of plasmid-bearing 
cells were grown in 4ml of CG medium, and cells from 1.5ml of the culture were 
harvested by spinning for 30 sec in a bench-top microcentrifuge. 
To check for insertion of DNA fragments in proper orientation after 
ligation, a miniprep procedure as described by (Sambrook et al., 1989) was used 
with minor modifications. Cells were resuspended in 100|LL1 of cell resuspension 
solution (50mM glucose, lOmM EDTA, 25mM Tris-Cl), lysed by adding 200|Lil of 
lysis solution (1% SDS, 0.2N NaOH), and the reaction solution neutralized by 
150|Lil of potassium acetate solution (3M potassium acetate, 5M acetate). Plasmid 
DNA in the supernatant from centrifugation of the solution was obtained from 
ethanol precipitation, wash in 70% ethanol and resuspending the DNA pellet in 
TE buffer. 
For higher quality plasmids as required by subsequent procedures such as 
DNA sequencing, either the Quantum Prep Plasmid Miniprep Kit (Bio-Rad) or the 
CONCERT™ Rapid Plasmid Miniprep System (Gibco BRL) was used according 
to manufacturer's instruction. 
All constructs for gene transfer were prepared in large quantity by growing 
bacterial colony in 200ml of CG medium, and subsequently followed either by 
Magic Maxiprep (Promega) or by CONCERT™ High Purity Plasmid Maxiprep 
System (Gibco BRL) according to the manufacturer's instructions. 
3 0 
2.2.2 Sequences of PCR primers used 
Primer name Primer sequence Section 
Z M T 5 R 1 5' - CTTGGCGCATTCGCAAGGATCCAT - 3 2.2.3 
Z M T 5 R 2 5' - CAGGTGGCACCACAGTTGCAAGCTCC - 3' 2.2.3 
CI ( T a K a R a ) ~ ~ 5 ' - GTACATATTGTCGTTAGAACGCGTAATACGACTCA - 3 , 2 . 2 . 3 
C2 ( T a K a R a ) 5 ' - CGTTAGAACGCGTAATACGACTCACTATAGGGAGA - 3 ' ^ 2.2.3 
A P I 5' - GTAATACGACTCACTATAGGGC - 3' 2.2.3 
A P 2 5' - ACTATAGGGCACGCGTGGT - 3 ' 2.2.3 
Z M T 5F 5' - ATGGATCCTGCGAATGCGCCAAG - 3’ 2.2.4 
Z M T 3R 5' - ACATCACGTTGACCTCCTCACTGAC - 3' 2.2.4 & 2.2.5 
R A C E - T - N 5' - CCGAATTCTCGAGATCGATTTTTTTTTTTTTTTTTV - 3' 2.2.4 
R A C E ( 3 A ) 5' - CCGAATTCTCGAGATCGA - 3' 2.2.4 
Z M T P G I F 5' - G AATT C C AG AG AG AC AC T - 3, 2.2.5 
Z M T P E 2 5' - ACATTCGCAGGGGTCCA - 3 ’ 2.2.5 
ZMTP F1 5' - CTTGGTACCGAATTCCAGAGAGACACTG - 3' 2.2.7 
ZMTP F2 5' - TCTGGTACCGTGCGCAAAGAATGACAAC - 3' 2.2.7 
ZMTP F3 5' - AATGGTACCATGGTGGGAACGGTGATTGC - 3' 2.2.7 
ZMTP F4 5' - GGTGGTACCAGTGTCATTAACGAGTCACC - 3' 2.2.7 
ZMTP F5 5' - AATGGTACCTTTTGCACTCGGTCTGCGCG - 3' 2.2.7 
ZMTP F6 5' - TTAGGTACCTGCGCGCAGTCAGAACTGTA - 3' 2.2.7 
ZMTP F7 5' - GTCGGTACCGCAGTCAGAACTGTAT - 3' 2.2.7 
ZMTP R1 5' - TGCAAGCTTCCAGAGAGTATCCTCAAAGAG - 3' 2.2.7 
Table 2-1 List of PCR primers used in the cloning of zebrafish MT gene, its 5'-flanking 
region and deletion mutant. Kpn I (underlined) and Hind III (in italic) restriction enzyme sites 
were adopted at the end. 
All the PCR primers were ordered from Gibco BRL, Life Technology. 
2.2.3 Cloning zebrafish MT gene 5'-flanking region 
The zebrafish MT promoter was obtained by walking upstream of 
zebrafish MT gene with known cDNA sequence (Kille & Olsson, 1996) using the 
LA PCR in vitro Cloning Kit (TaKaRa Biomedicals) and the Universal 
Genome Walker™ Kit (Clontech). The basic procedure for both methods was the 
same and is illustrated in Figure 2-1. The two rounds of PCR were performed 
using Advantage® Genomic PCR Kit (Clontech). After the second round of PCR, 
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selected fragments were gel purified, cloned into pUC18 at Sma I site, and 
subjected to sequence analysis. 
Zebrafish Genomic bNA Zebrafish Genomic DNA 
. ^ . ,. Cassettes ieium end restriction enzyme digestion CoSSetteS 
^^Sncky end restrict,on enzyme digesnon • • _ 
I, • • I lEZD • 
tt I I • I t I I fc 
I I < , ‘ 
X Ligation 
Ligation • S?. SI • a CI ^ ^ ^ 1 
m i — m i I 
‘ API I 
PCR(primersCl&Sl) f PCR (primers MM & SI) 
^ — — — I PCR (primers C2&S2) |PCR (primers AP2 & S2) 
Takara Biomedicals:! sm—Jl ' '.'• Clontech: sMS^ 
LA PCR in vitro ^ 'W'X'i Universal 
Cloning Kit ^ Q GenomeWalker Kit j m l W l \ 
Figure 2-1 Zebrafish genomic DNA digested with restriction enzymes leaving either sticky 
or blunt end fragments were ligated to adaptor cassettes with corresponding restriction site. PCR 
were performed using gene specific primer ZMT 5R2 and cassette primers CI or API. Second 
PCR were performed using gene specific primer designed for inner sequence ZMT 5R1 and 
cassette primers C2 or AP2. 
2.2.4 Cloning zebrafish MT gene 
Cloning zebrafish MT genomic gene into pUC18 
Primers ZMT 5F and ZMT 3R were designed to amplify the genomic and 
cDNA sequences flanking the coding region of zebrafish metallothionein A cDNA 
(Genbank accession number X97278) (Kille & Olsson, 1996). PCR reactions were 
performed with Advantage® Genomic PCR Kit (Clontech) at 55 C annealing 
temperature, with 10 ng each of primers ZMT 5F and ZMT 3R, and in conditions 
suggested by the manufacturer. PCR product was gel purified with CONCERT™ 
Rapid Gel Extraction System (Gibco BRL), kinased, polished, and ligated to Sma 
I digested and dephosphorylated pUC18 vector. 
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Southern blot analysis of zebrafish MT gene 
The zebrafish MT (zMT) gene cloned into pUC18 was confirmed by both 
sequence analysis and Southern blotting. BamRl and EcoKL release of the cloned 
fragment, electrop ho resized in 1% agarose gel, transferred to Hybond™ N+ 
membrane by alkaline blotting, probed with AlkPhos Direct alkaline phosphatase 
(Gene images™, Amersham) labeled ccMT gene, and subsequently detected with 
the CDP-Star™ chemiluminescent detection reagent (Gene images™, Amersham) 
and exposure to Kodak X-Omat LS film. 
Cloning zebrafish MTcDNA by RT-PCR 
Total RNA was extracted from zebrafish exposed to 10 ppm ZnCl for 3 
days using TRIreagent (Molecular Research Center, Inc.), Phasing separating 
reagent (Molecular Research Center, Inc.) and ethanol precipitation. First-strand 
cDNA was synthesized by 1st Strand cDNA Synthesis Kit for RT-PCR (AMV) 
(Boehringer Mannheim) with RACE-T-N primer. PGR was accomplished by 
annealing to primer ZMT 5F and ZMT 3R at 60°C, and amplification with Pfu 
DNA Polymerase (Promega). The amplified fragment was cloned into pUC18 via 
Sma I site as described above and subjected to sequence analysis using ABI 
Prism™ dRhodamine Terminator Cycle Sequencing Ready Reaction Kit With 
AmpliTaq® DNA Polymerase, FS (Applied Bio systems, Perkin-Elmer). 
2.2.5 Cloning full length zMT gene 
Primers ZMTPG IF, designed from the sequence of zMT gene 5'-flanking 
region found, and ZMT 3R were used to obtain the full length zMT gene from the 
5'-flanking region to the end of the coding region by Pfu DNA Polymerase 
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(Promega). The ability to give PGR products of correct size also served as a quick 
verification of the 5'-flanking region obtained belonged to zMT gene. 
Manual sequencing by dideoxy-chain termination reaction 
Manual sequencing reactions were carried out with the use of 
T7Sequencing™ Kit and [y-^^SJdATP according to the manufacturer's instructions 
(Pharmacia Biotech). DNA fragments were resolved by electrophoresis in a 
denaturing 8% acrylamide sequencing gel in 50mM Tris/45mM borate/0.5mM 
EDTA, pH 8.0. 
Mapping of transcription start site by primer extension 
The transcription start site of zinc-induced zMT gene was determined by 
primer extension analysis. An antisense oligonucleotide primer ZMT PE2 
complementary to nt +2 to +18 of the zMT cDNA sequence (Kille & Olsson, 
1996) was end-labeled with [y-^^P]ATP by T4 polynucleotide kinase (Gibco 
BRL). The labeled primer was hybridized to 10 |ig of total RNA extracted from 
ZnCl2 treated zebrafish (as described in section 2.2.3) at 65®C for 90 min. Reverse 
transcription was performed with AMV-RT (Boehringer Mannheim), treated with 
RNase A, and electrophoresed on a 8% sequencing gel in parallel with sequencing 
reactions on the full length clone containing zMT gene with 5'-flanking region 
using the same primer. 
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2.2.6 Cell culture 
HepG2 cell line (ATCC # HB-8065) 
HepG2 is a mammalian epithelial cell line derived from hepatocellular 
carcinoma of a Caucasian male. This cell line was maintained as stationary 
monolayers in a humidified 37 C, 5% CO2 incubator. Growth medium consisted 
of RPMI Medium 1640 with L-glutamine and 25 mM HEPES buffer (prepared 
from powder according to instructions of manufacturer), 2 g/L NaHCOa, and 
supplemented with 10% fetal bovine serum (FBS), and 1% Penicillin-
Streptomycin (GibCO BRL). 
Monolayers of cells were sub-cultured when confluent. Medium was 
aspirated from the cell monolayers, and cells washed with PBS once and 
incubated in 0.25% trypsin - ImM EDTA*4Na (Gibco BRL), which barely cover 
the monolayer, for about 5 mins until detachment of cells. Culture medium was 
added to prevent further digestion by trypsin, and the cells were collected by brief 
spinning at low speed. A fraction of cells resuspended in culture medium were 
sub-cultured in fresh medium. 
SJD.I cell line (ATCC # CRL-2296) 
This zebrafish fibroblast cell line is derived from amputated caudal fins of 
adult zebrafish of SJD strain. It was maintained in 28°C incubator with 5% CO2 in 
Dulbecco's Modified Eagle Medium (DMEM) with 4 mM L-glutamine and 4.5 
g/L glucose, supplemented with 15% heat-inactivated FBS and 1% Penicillin-
Streptomycin. Subculturing procedure was the same as that for HepG2 cells with 
the use of 0.25% trypsin - ImM EDTA*4Na - polyvinylpyrrolidone (0.5%). 
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Metal solution preparation 
Metal stock solutions in concentrations of either 500mM or lOOmM of 
metal ions were prepared in distilled water followed by syringe 0.22|im filter 
sterilization. Metal ion solutions were serial diluted with fresh medium to various 
concentrations, and applied to 80% confluent HepG2 or SJD.l cells. 
Neutral Red dye retention assay on metal toxicity 
Neutral Red stains viable cells. This dye is absorbed by viable cells and is 
concentrated in the lysosomes. The quantitation of Neutral Red staining was used 
to evaluate the cytotoxicity effects of cadmium, cobalt, copper, lead, mercury, 
nickel and zinc ions, as well as hydrogen peroxide on HepG2 cell line, prior to 
tests on their inducibility of zMT gene expression. 
Neutral Red dye retention assay was carried out as six replications for each 
dosage of treatment in wells of flat-bottom 96-well plate. After 24-hour metal or 
H2O2 exposure, HepG2 cells adhering to the plate were washed twice with 100|il 
PBS and blot dried on absorbent paper. Cells in each well were incubated in 50|il 
neutral red solution (0.5% neutral red solution in 0.9% NaCl) at 37°C for 60 mins, 
and then washed twice with 100|Lil PBS. PBS was removed and the plates were 
dried in iTC oven. To each well, 100|al of 1% SDS was added. Absorbance was 
read on microtiter plate reader at 540nm. Neutral red retention in cells exposed to 
metals or H2O2 was compared with those without treatment, which provide the 
reference point for 100% viable cells. 
alamarBlue™assay on metal toxicity 
alamarBlue™ assay was carried out as seven replications for each dosage of 
treatment in wells of flat-bottom 96-well plate. SJD.l cells in density of 1x10"^ per 
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each well of 96-well plate were exposed to different treatments for 12 hours, after 
which fresh medium with alamarBlue amounted to 10% of the medium volume 
was replaced and incubated for 12 hours. Fluorescence was measured using 
CytoFluor™ 2350 Fluorescence Measurement System (Millipore) with excitation 
wavelength at 530nm and emission wavelength at 590nm. 
2.2.7 Transient transfection assay 
Cloning deletion mutants of zMT 5'-flanking region 
Deletion mutants were obtained by PGR with seven forward primers 
ZMTP F1 to F7 and a common reverse primer ZMTP R1 (Table 2-2) adopting the 
Kpn I and Hind III restriction enzyme sites at the ends respectively. The PGR 
products were digested with Kpn I and Hin& III, and ligated to the sticky ends 
generated with the same enzymes of pGL3-Basic vector (Promega), which carries 
the firefly luciferase reporter gene, to give deletion mutant constructs named 
zMT/Fl-Luc to zMT/F7-Luc for transfection assays. 
Sub cloning common carp MT 5'-flanking region to pGL3-Basic vector 
Common carp (cc) MT promoter was released from CP 10 clone from Ms 
Felice Wong by BamR I and Xho I digestion and first subcloned into pBluescript 
SK+ vector. The ccMT was subsequently released from pBluescript SK+ vector 
by Kpn I / Bgl II digestion and subcloned into pGL3-Basic vector and named 
ccMT-Luc. 
Cat ionic liposome-mediated transient transfection 
Transfection procedure was accomplished with the LIPOFECTAMINE 
PLUS™ Reagent (Gibco BRL) according to manufacturer's instructions with 
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optimized amount of lipofectamine reagent, PLUS reagent, construct and 
normalization vector DNA. Each construct was transfected together with the 
normalizing vector pRL-CMV (Promega) in the ratio of 10:1. The negative 
control pGL3-Basic (Promega) and positive control pGL3-Control (Promega) 
were transfected the same way as constructs. Immediately following transfection, 
the ability of different metals and hydrogen peroxide to induce transcription 
driven by the cloned promoter were tested by treating transfected cells with one of 
the folio wings: CdCh, C0CI2, CuCk, PbS04, HgCk, NiClz and ZnCk, as well as 
hydrogen peroxide. 
Heavy metal and hydrogen peroxide treatments 
The possibility and optimal dose for each treatment to induce zMT gene 
transcription was tested on HepG2 cell line transfected with zMT/Fl-Luc with 24-
hour treatment. For treatments that can induce zMT gene expression in HepG2 
cell line, further testings on the optimal time period of treatment were performed 
to expose transfected cells to different time course. 
The functional characterization of zMT promoter was carried out in 
HepG2 cell line, where each of the 7 deletion mutant constructs (zMT/Fl-Luc to 
zMT/F7-Luc) were transiently transfected to, and followed by treatments of 75% 
LC50 of Cd2+, Cu2+ Hg2+ and Zn^ "" for 12 hours to assay the effects of each 
putative elements. 
zMT/Fl-Luc and ccMT-Luc constructs were transiently transfected into 
SJD.l cell line and exposed to 75% LC50 of Cd'^ Co'^ Cu'^ Pb'^ Hg2+, Ni'"", 
Zn2+ and H2O2 for 12 hours to compare their inducibility by heavy metal stress. 
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Luciferase assay on transcription regulation 
Measurement of the ability of zMT promoter to direct gene transcription as 
evaluated by the firefly luciferase activity was accomplished with Dual-
Luciferase® Reporter Assay System using only half the volume of reagents 
suggested in the technical manual, and the Lumat LB 9501 luminometer. 
2.2.8 Electrophoretic mobility shift assay 
Synthetic MRE oligonucleotide 
Complementary oligonucleotide pairs of 32 bp long were chemically 
synthesized by GibcoBRL, Life Technology. Annealing each pair yielded five 
double-stranded DNA fragments each containing one or two of the four zMT 
MREs (MREa to MREd) and the flanking sequences in the upper strand, where 
the BamR I and Bgl I sites were placed at the 5' and 3' termini, respectively. 
” M R E a b 5 ' - gatccCTTTTGCACTCGGTCTGCGCGCAGT^ 
3 ' - gGAAAACGTGAGCCAGACGCGCGTCAGtc tag - 5' 
M j ^ a 5' - ga tccAAATCGGTCTGCGCGCAGTCAGAACTa ^ 
3 ' - g T T T A G C C A G A C G C G C G T C A G T C T T G A t c t a g - 5 ’ 
MREb 5' - qatccGGGCTTTTGCACTCGGTCTAAGCGC^ 
3 ' - gCCCGAAAACGTGAGCCAGATTCGCGTtc tag - 5' 
MREC 5' - q a t c c G A T T G T T T G C A C C C A G T G T C A T T A A C a ^ 
3 ' - gCTAACAAACGTGGGTCACAGTAATTGtc tag - 5 ’ 
M R E d 5' - ga t ecGAGACACTGCACACGTTACATTAGTTa ^ 
3' - g C T C T G T G A C G T G T G C A A T G T A A T C A A t c t a g - 5 ’ 
Table 2-2 Sequences of oligonucleotides containing the zMT MREs. Both the upper and 
lower strand sequences are shown. BamR I and Bgl II sites linked to both ends are indicated by 
lower case letters. The MRE consensus sequence is underlined. Mutations of the MRE binding 
sites are indicated by bold face. 
Labelling of oligonucleotide probes 
Double-stranded oligonucleotide probes were generated by annealing 
complementary pairs of single-stranded oligonucleotides, and end-labelled by 
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filling-in the 5'-overhangs with [a-^^P]dATP using the Klenow fragment of E. coli 
DNA polymerase I (Amersham Pharmacia Biotech). 
Preparation of nuclear protein extracts 
HepG2 cells were grown to 90% confluent and growth medium was 
changed to contain 1% FBS the night before treatment. HepG2 cells were treated 
with and without 120|LIM zinc for 3 hours before nuclear protein extraction. 
Harvested cells were washed twice with 5 volumes of PBS, and finally 
resuspended in 800|il ice-cold buffer D (10 mM Hepes pH 7.9, 10 mM KCl, Ix 
protease inhibitor cocktail solution). After allowing the cells to swell on ice for 15 
minutes, 50|LI1 of 10% Nonidet NP-40 was added with vigorous vortex followed by 
centrifiigation. The nuclei pelleted was resuspended in 100|Lil ice-cold buffer E 
containing 20 mM Hepes pH 7.9, 400 mM NaCl, 5% glycerol, Ix protease 
inhibitor cocktail, and rocked vigorously at 4°C for 2 hours. The nuclear protein 
extract was collected as supernatant from centrifugation, which was then snapped 
freeze in liquid nitrogen and stored at -70°C. 
Protein concentration determination 
The protein concentration of the nuclear extract was determined by BCA 
Protein Assay (PIERCE). Ten microliters of PBS for blank, serially diluted BSA 
protein standard and nuclear extract samples were added to 200jLil of mixture of 
BCA Assay Reagent A and B in the ratio of 50 parts to 1 part, and incubated at 
37 C for 30 minutes. Absorbance was measured at MOrnn with the value of blank 
subtracted. 
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Protein-DNA binding and Electrophoretic mobility shift assay 
DNA-protein binding reactions of putative MREs and HepG2 cell nuclear 
protein extracts were performed by incubating 10|LLg of nuclear protein extract 
with l|Lig of labeled oligonucleotide probes, 10% glycerol, 0.005% NP-40 and l|Lig 
of poly(dl-dC) in binding buffer (40mM Tris-HCl, pH 7.5, containing 200mM 
NaCl, 2mM DTT) at room temperature for 30 minutes. The protein-DNA 
complexes were separated electrophoretically in a 5% nondenaturing 
polyacrylamide gel. 
For competition mobility shift assay, unlabelled oligonucleotide probes at 
10-fold and 100-fold excess were added either together or 30 mins prior to P-
labelled probes in binding reactions. 
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2.3 Results 
2.3.1 Zebrafish metallothionein gene 
Cloning of the 5,-flanking region of zebrafish metallothionein gene 
The 5'-flanking region of zebrafish metallothionein is isolated by LA PCR 
in vitro Cloning Kit from TaKaRa Biomedicals and Universal Genome Walker™ 
Kit from Clontech. 
(A) (B) 
KHN M Sail Xha I I J M D I N £ C O R J _ ^ ^ ^ P V I ^ ^ T U ^ ^ ^ ^ c a ^ J ^ i 
Figure 2-2 Nested PCR products (in yellow arrows) amplified from (A) Hind EI and EcoR I 
digestion in the TaKaRa method, and (B) Stu I digestion in the Clontech method were cloned. 
Despite attempts to clone all the distinct bands from the nested PCR 
(Figure 2-2), only three products from Hind III, EcoR I and Stu I digestion (in 
yellow arrows) were successfully cloned into pUC18 and sequenced. Repeated 
restriction enzyme mapping and DNA sequencing disputed the existence of / /md 
III and Stu I sites in the 5'-flanking region in defiance of the ability of these two 
enzymes to result in sequences highly homologous to that from the zMT gene 5'-
flanking region of the JScoR I clone. 
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Cloning and sequencing cDNA and genomic fragments of zebrafish MT gene 
A MT cDNA of 200 bp and a genomic MT fragment of 967bp have been 
isolated from local strain zebrafish as shown in Figure 2-3. 
(A) (B) (C) 
1.5 H H ^ ^ 
0.6 ^ ^ ^ H 967 bp 16 1802bp 
0 • — P • 
Figure 2-3 (A) Zebrafish MT cDNA of 200bp was obtained from RT-PCR. (B) The 967bp 
PCR product of MT gene was amplified from zebrafish genomic DNA, and subsequently cloned 
and sequenced. (C) A 1802bp fragment amplified from zebrafish genomic DNA flanking the zMT 
promoter and gene. 
The cloned 200 bp zMT cDNA showed 91% identities with the published 
D. rerio mRNA for metallothionein A with the accession number X97278 (Kille 
& Olsson, 1996). There are 18 nucleotide and 2 amino acid differences as shown 
in Figure 2-4. The amino acid differences occurred at position 11 with alanine 
replaced by threonine, and at position 56 with threonine replaced by serine. The 
20 cysteine residues remained unchanged. 
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Met Asp Pro Cys Glu Cys Ala Lys Thr Gly Thr Cys Asn Cys Gly 
zMTcDNA ATG GAC CCC TGC GAA TGT GCC AAG ACT GGA ACT TGC AAC TGT GGT 
I I I I 1 I I I I I I I I I I I I I i l l I I I M l I I I I I i i 1 I M l 
X97278 ATG GAT CCT TGC GAA TGC GCC AAG ACT GGA GCT TGC AAC TGT GGT 
Met Asp Pro Cys Glu Cys Ala Lys Thr Gly Ala Cys Asn Cys Gly 
Ala Thr Cys Lys Cys Thr Asn Cys Gin Cys Thr Thr Cys Lys Lys 
zMTcDNA GCT ACC TGC AAG TGC ACT AAT TGC CAG TGT ACT ACC TGC AAG AAG 
I I I I I M l I I I I I I I I I I I I I I 1 1 1 1 1 1 I I I I 1 1 1 I I I i l l 
X97278 GCC ACC TGC AAG TGC ACC AAT TGC CAG TGT ACA ACC TGC AAG AAG 
Ala Thr Cys Lys Cys Thr Asn Cys Gin Cys Thr Thr Cys Lys Lys 
Ser Cys Cys Ser Cys Cys Pro Ser Gly Cys Ser Lys Cys Ala Ser 
zMTcDNA AGT TGT TGT TCT TGC TGC CCA TCT GGT TGC AGC AAG TGT GCC TCT 
I I I I i I I I I I I I I I I I I I i l l I I I I I I I I I I I I i ! 1 I I I I I 
X97278 AGT TGC TGT TCT TGT TGC CCG TCT GGT TGC AGC AAG TGC GCC TCT 
Ser Cys Cys Ser Cys Cys Pro Ser Gly Cys Ser Lys Cys Ala Ser 
Gly Cys Val Cys Lys Gly Asn Ser Cys Gly Ser Ser Cys Cys Gin 
zMTcDNA GGC TGC GTC TGC AAA GGC AAT TCC TGT GGC TCC AGC TGC TGT CAG 
I I I i l l I I I I I I i l l I I I M l I I 1 1 i l l M i i i l l 
X97278 GGC TGC GTG TGT AAG GGC AAT TCC TGC GGG ACC AGC TGT TGT CAG 
Gly Cys Val Cys Lys Gly Asn Ser Cys Gly Thr Ser Cys Cys Gin 
STOP 
zMTcDNA TGA GGA GGT CAA CGT GAT GT 
I I I I I I I I ! I l l I I I I I I I I 
X97278 TGA GGA GGT CAA CGT GAT GTT TTG TTA CAA CAA TGT GAA CTT GTT 
STOP 
X97278 CGT CTG TGC TGG GCG TCT TCG CTT TTC CAT CGC ATG AAT GTT TTA 
X97278 TTT TTA CAT GAT TCT AAT AAA CGA CCT CCC TGT TGT TCT 
Figure 2-4 Comparison and alignment of sequences from the cloned zMT cDNA and the 
published D. redo mRNA for metallothionein A (accession no.: X97278). Nucleotide differences 
were marked red, and amino acid differences were hi lighted with yellow. 
Southern blot analysis of zMT genomic clones released from pUC18 by 
BanM I and EcoR I restriction enzyme digestion and probed with common carp 
MT genomic fragments is shown in Figure 2-5. The three positive clones giving 
slightly different size of zMT gene fragments in the same restriction enzyme 
release showed nearly identical DNA sequences. 
From the sequences of S'-flanking region and genomic fragment, primers 
were designed to obtain the full length MT fragment from the 5'-flanking region to 
the 3'-end of zMT gene. The 1802 bp fragment (Figure 2-3c) amplified from 
zebrafish genomic DNA agrees with the combined size of separate fragments, and 
the sequence is shown in Figure 2-6. 
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Figure 2-5 Southern blot analysis of zebrafish MT genomic clones digested with BamR I 
and EcoR I and probed with common carp genomic fragment. The position of the three positive 
clones were indicated by arrows. 
The cloned zMT gene is conserved in the rich cysteine residues and shares 
a similar tripartite structure, in which three exons are interrupted by two introns as 
in other species. 
An A/T rich (59.76%) 835 bp 5'-flanking region of zebrafish MT gene 
with four MREs, three activator protein-1 (AP-1) and one selective promoter 
factor 1 (Spl) site was isolated. MRE sequences located upstream of the TATA 
box that perfectly match the core consensus TGCRCNC were selected, and named 
a, b, c and d in the order of proximity to the TATA box. The four putative MREs 
were organized into two clusters. Three of the four MREs are located within 100 
bp upstream of TATA box, and a distal one situated about 700bp from the TATA 
box. This accords with many teleost MT gene promoters so far characterized in 
that there are generally two to three MREs located within 300 bp of the TATA 
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box and additional MREs are found further upstream in the distal region of the 
promoter. 
EcoR I r RfflREd 
-835 [gaattc jcagagagac acjtgcac36^ ttacattagt ttggttccaa ttgaatggct 
-780 aatggaaaat tactcccggt caacagcaga aatcgggtgc aaaatcagtt tactgtttac 
-720 tgagggcctg aaccgcatct tcgccgagtg cagacagggg gagcacgtgc tgtcacacac 
AP1 
-660 ggtcacgtca cactcacagt ttcatgtcag tgccgtgcgc aaagaatgac aactgcaaac 
-600 aattacatat gagataacaa atctaaaatt aagaaaaaag tgtctccgtg ggcatattgt 
-540 atgtttcatg ccttcgatag gcatgtgact ggaataaaag caacttatta tgctcaaata 
-480 cgtgttttaa tgtttgcttt tctctatttc aatagtctta atagcttaaa aaaagaaaga 
AP1 ‘ 
-420 aaaaaaatga gatacagttt gaaaccagta atataaagtt cttgtaaaaa ccgaattgaa 
AP1 
—360 ggtgacaaac tgtcgatcga acgccgataa aggaaaacaa caaaagcatc aagttatata 
-300 atcatgtaaa caaacagcaa tcaatattca acaagtagag tggaaatagt tatataatct 
MBEJ^ 
-240 tataaacaac acgttgatqt gacatggtgg gaacggtgat tgctgattgt tftgcacc^g 
S.p . MREb, J g ^ a 
-180 tgtcattaac gagtcaccgt gttcaggctg qagcgggqcgghctttrtgcactciggtc^fg^ 
TATA box transcription start 
-120 [c^agtcaga actg tataaaa igcagagcac aaacacgcct ccagcatcaa ctcattcaca 
-60 agctgagtga acgatatttc taaggaactt tcaagctctt tgaggatact ctctggaaaa 
+1 ATGGACCCCT GCGAATGTGC CAAGAgtaag tgtttcagct gatgcattta gtgttgtttc 
+61 tcaagatact ttagagttta ttatgtccct ttttaatacc tgtctgtctt attttgaagC 
+121 TGGAACTTGC AACTGTGGTG CTACCTGCAA GTGCACTAAT TGCCAGTGTA CTACCTGCAA 
+181 GAAGAgtatg tatttgcctt tttaagttcc ttctggggaa accaagtttt tatctgagtg 
+241 aattttaaac gatgtgcgtt ttattttttt tattttttta tttatttttt ttttaaaata 
+301 taaattgtct aatgatttgg tatgggtcac acctctccca aaaaatgttt ctcaatttga 
+361 ggtacttctg ttattcacta attatgaaca aagatgagct tctattattt gactttcata 
+421 gtaggaataa cttaagttgg gtttttattt gcacctttcg ttaattttga tggtccctat 
+481 attattaaac tcttctttaa atattaagtc tgaattggca tgctaggttt acgtaaaaat 
+541 tagcatgaat tatttgactg ggcaatgttg tacctatggc cattgggtgg taaatgcgat 
+601 ttcactactt ggagtttgct aagaatcctt tattgaagtt atattaagta taatgtctga 
+661 ttatgggttt ttttttattt atttatttat ttattttttt tttattaaat gggtagctta 
+721 tgtttcaaaa cccattttat aatgtagttc aacaagcccc ctaaatattt aaaacaaagg 
+781 ctgagttatg gttatttttg gatgaactat taagattagt ttaaaataaa ctaatttggt 
+841 ggcttacctc tttcccagGT TGTTGTTCTT GCTGCCCATC TGGTTGCAGC AAGTGTGCCT 
+901 CTGGCTGCGT CTGCAAAGGC AATTCCTGTG GCTCCAGCTG CTGTCAGTGA GGAGGTCAAC 
+961 GTGATGT 
Figure 2-6 The nucleotide sequence of the 5'-flanking region and genomic fragment of 
zebrafish MT gene. The translation start site is designated as +1. The negative numbers indicated 
upstream sequence relative to the translation start site. Three exons are denoted by UPPERCASE 
letters. The EcoR I site and putative transcription factor-binding sites are indicated. 
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Analysis of the transcription factor binding sites was done with the help of 
"Promoter Scan" (http://bimas.dcrt.nih.gov/molbio/proscan/) and "Transcriptional 
Factor Search" (http://pdapl .trc.rwcp.or.jp/research/db/TFSEARCH.html) 
Transcription start site 
Figure 2-7 shows that the transcription start site as determined by primer 
extension analysis is located at a tyrosine residue 74 nt upstream of the translation 
start site. A TATA box was located 33-27 nt upstream of the transcription 
initiation site. 
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Figure 2-7 Determination of the zebrafish MT gene transcription initiation site by primer 
extension analysis. 
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2.3.2 Deletion analysis of zMT promoter by transient transfection assay 
Metal toxicity on HepG2 and SJD.l cell lines 
Cytotoxicity includes the effects toxicants can have on cell growth 
metabolic ftmctioning, or viability, but it is generally used as an inclusive term for 
changes that can become irreversible and that can ultimately affect cell viability 
(Ehrich & Sharova, 2000). 
The cytotoxicity effects of cadmium, cobalt, copper, lead, mercury, nickel 
and zinc ions, as well as hydrogen peroxide on HepG2 cells were assessed by 
Neutral Red dye retention assay. Because of the lower metabolic rate of SJD.l cell 
line, evaluations of cytotoxicity effects of the seven metal ions and H2O2 were 
performed by alamarBlue™ assay, which showed more significant differences than 
in the Neutral Red retention assay. 
The cytotoxicity curves for HepG2 cell line and SJD.l cell line with 24-
hour treatments on various metal ions and hydrogen peroxide are shown in Figure 
2-8 and Figure 2-9 respectively. The calculated LC50 values for each treatment 
are shown in Table 2-3. 
Treatments HepG2 cell line SJD.l cell line 
Cadmium (CcT) 29.4 |iM 26.8 jiM 
Cobalt (Co'"") 78.0 |iM 564.4 [iM 
Copper (Cu'+) 46.3 |LIM 300.0 |iM 
Lead (Pb'+) 4549.3 [iM 4288.0 | iM 
Mercury (Hg'+) 71.6 |aM 29.5 ^iM 
Nickel (Ni'") 64.7 |iM 18392.2 [iM 
Zinc (Zn'+) 161.1 |aM 361.8 |iM 
Hydrogen peroxide ( H 2 O 2 ) 1.46 jiM 9.46 [lM 
Table 2-3 The LC50 values for different treatments on HepG2 cell line and SJD.l cell line 
for 24 hours. 
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Figure 2-8 Cytotoxicity curves for (A) cadmium, (B) cobalt, (C) copper, (D) lead, (E) 
mercury, (F) nickel, (G) zinc, and (H) hydrogen peroxide on HepG2 cell line in 24-hour 
treatments. Cytotoxicities are determined by Neutral Red dye retention assays and are presented as 
mean S.D. of 6 replicates. 
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Figure 2-9 Cytotoxicity curves for (A) cadmium, (B) cobalt, (C) copper, (D) lead, (E) 
mercury, (F) nickel, (G) zinc, and (H) hydrogen peroxide on SJD.l cell line in 24-hour treatments. 
Cytotoxicities are determined by alamarBlue™ assays and are presented as mean S.D. of 7 
replicates. 
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Optimizing conditions for metal induction studies 
Dual-Luciferase® Reporter Assay System was used to analyze the 
promoter function of the cloned zebrafish MT S'-flanking region in transient 
transfection assay. zMT/Fl-Luc or pGL3-Basic (negative control) vector was co-
transfected with pRL-CMV into the human hepatocellular carcinoma HepG2 cell 
line. Two individual luciferase reporter enzymes were simultaneous expressed and 
measured which served to normalize experimental variability caused by 
differences in cell viability or transfection efficiency. Expressions of the luciferase 
gene were determined by dividing Firefly luciferase readings of zMT-Luc and 
pGL3-Basic with those from Renilla luciferase of pRL-CMV to give normalized 
"relative luciferase activity" readings. 
The abilities of seven metals and H2O2 to induce zMT/Fl-Luc transgene 
expression in HepG2 cell line were tested with various dosages corresponding to 
0%, 25%, 50%, 75% and 100% of their LC50s (Figure 2-10). 
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Figure 2-10 Transcription levels of luciferase reporter gene expression for HepG2 cells 
transfected with zMT/Fl-Luc construct after various metal treatments. Different doses of Cd+’ 
Co2+, Cu2+, Pb2+, Ni2+, Zn2+, and H2O2 corresponding to 0 25, 50, 75 and 100% of their 
LC50 values for 24 hours were used. Each value represents the mean S.D. of three replicates. 
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Cobalt, lead, nickel and hydrogen peroxide did not induce zMT promoter 
in HepG2 cell line. Treatments with cadmium and zinc caused a significant 
induction of zMT promoter up to 10-fold and 18-fold respectively at their 75% 
LC50s corresponding to 22.5 \iM ofCd^^ and 120 |llM ofZn^^. Mercury produced 
a moderate induction of 4.6-fold zMT promoter at 52.5 |llM. Treatments with 50% 
and 75% LC50 of Cu^^ induced zMT for 4.8- and 4.7-fold respectively. On the 
average, metal concentrations corresponding to 75% of their LC50s grant the 
greatest zMT promoter induction. 
HepG2 cells transiently transfected with zMT/Fl-Luc transgene were then 
assayed on the effect of duration of metal treatments on transgene expression. 
2 I 
Figure 2-11 illustrates that maximal expression occurred at 9-hour for Cd and 
Hg2+ treatments, and 12-hour for Cu^^ and Zn^^ treatments. 
A B 
Cd| °.2 1 ~ ‘ ^Cu 
••K 1.00- T - - r -
I J - T 
i 0.75- I I • - I 
5 1 1 1 n p 
I _ _ _ o 
0 -g- _ _ _ _ _ _ I 0.001 n M 1 1 1 1 1 1 1 1 1 1 -
Time (hours) Time (hours) 
C D 
0.100"! — 1 "] “ ggffifflZn 
f " I I . {, I I 
5 i . « _ u i i - 1 1 1 _ -
“ m i l l I . 
0.000 T T 6 9 r T 0 
Time (hours) Time (hours) 
Figure 2-11 The time course effect for treatments of (A) 22.5|_iM Cd?., (B) 33.75^M Cu^^, 
(C) 52.5|J,M Hg2+, and (D) 120|iM Zn^^ on luciferase reporter gene expression in HepG2 cells 
transfected with zMT/Fl-Luc construct. Each value represents the mean S.D. of three replicates. 
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Although the transgene expression at 9-hour treatment was higher than 12-
hour for Cd2+ and Hg2+ treatments, 12-hour metal treatments were chosen for 
subsequent gene expression analysis because of the relatively smaller difference 
between the expression level of the two in Cd^ "" and Hg2+ assays. 
Deletion analysis 
Cw-acting elements important for the expression of the zMT gene were 
located by cloning serial deletions of the 5'-flanking region, and measuring the 
luciferase activity in HepG2 cells. Deletion mutant constructs were prepared from 
PGR strategically removing successive putative regulatory elements (Figure 2-12 
& Figure 2-13), and cloned into the luciferase expression vector pGL3-Basic. 
833 bp 





Figure 2-12 Analysis of PGR products in the successive removal of putative regulatory 
elements in zebrafish metallothionein gene 5'-flanking region by agarose gel electrophoresis. 
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Figure 2-13 The structures of the zMT promoter-luciferase(Luc) reporter deletion series are 
shown schematically depicting the location of the putative transcription factor binding 
sites. 
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Figure 2-14 The relative normalized luciferase activities of HepG2 cells transiently 
transfected with each zMT promoter-Luc deletion construct after 12-hour exposure to 22.5^lM 
Cd2+ Cu^^, 52.5MM Hg2+, 120nM Zn2+ and no additional metal ion are presented as the 
mean in triplicate experiment S.D. 
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Metal inducibility of metallothionein promoters 
The effects on metal inducibility by removing successive metal binding 
elements on zMT gene in a series of deletion mutants were shown in Figure 2-14 
and Table 2-4. The full length promoter (Fl) conferred the zMT gene with Cd "^", 
Cii2+, Hg2+ and Zn^ "" inducibilities in HepG2 cell line. Removal of sequence 
containing MREd (F2) located at position -812 to -818 rendered zMT promoter 
the loss of 88%, 41%, 39% and 87% of the inducibility of Cd^ "", Cu^^, Hg2+ and 
Zn2+ respectively. Further removal of MREc at position -183 to -189 (F4) 
abolished the inducibility of zMT gene by Cd^^, Cu^ "" and Hg2+ treatments. The 
promoter with only one (F6 and F7) or two (F5) MRE copies showed almost no 
promoter activity both in the absence and presence of metal treatments. 
The relative high fold induction by Zn^ "" treatment on zMT/F6 mutant 
construct may be attributed to a modest increase in gene expression from the basal 
level. 
Cd2+ Cu2+ Hg2+ Zn2+ 
Fl L ^ 131 
F2 0.94 1.11 0.80 5.22 
F3 1.63 0.95 0.76 6.37 
F4 0.91 0.84 0.73 1.70 
F5 0.26 0.56 0.22 1.77 
F6 -3.53 -2.65 -3.22 21.16 
F7 0.66 0.34 ^ 2.41 
Table 2-4 Fold induction of zMT promoter by 12-hour exposure of zMT-Luc transfected 
HepG2 cells to 2 2 . 5 _ Cd'^ 33.75|iM Cu'^ 52.5|iM Hg' . and 120|aM Zn'.. The values for fold 
induction were obtained by the relative luciferase activity of each deletion mutant with different 
metal treatments divided by that of no metal treatment. 
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The full length zMT promoter was tested on a homologous system, the 
zebrafish caudal fm cell line SJD.l • The zMT promoter was induced by 28.6-, 2.4-
and 40.6-fold upon Cd^ "", Cu^^, and Zn^ "" treatments on zMT/Fl-Luc transfected 
SJD.l cells respectively (Figure 2-15). A similar expression pattern was obtained 
by transfection of the heterologous promoter ccMT-Luc to the same cell line that 
high inductions of 23.9- and 29.2-fold, and moderate expression induction of 6.1-
fold were observed in Cd^^, Zn . and Cu . treatments respectively. Difference in 
the ability to be induced by H2O2 was detected that ccMT promoter was induced 
by 3.0-fold while zMT was not responsive to H2O2 treatment. 
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Figure 2-15 Comparison of metal and H2O2 inducibility of zebrafish and common carp MT 
promoter in zebrafish caudal fm cell line SJD.l. 
Zinc was the most potent inducer of both zebrafish and common carp MT 
gene. 
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2.3.3 Functional characterization of zebrafish metallothionein promoter 
Interaction between proteins and DNA play a key role in the regulation of 
gene expression. Sequence specific contacts between proteins and promoter DNA 
determine the site of transcription initiation with precision, and many of the 
transcription factors responsible for activating or repressing gene expression bind 
to DNA in a sequence specific maimer. Electrophoretic mobility shift assay 
(EMSA) was used to study interactions between the putative MRE sites in 
zebrafish MT promoter and nuclear protein extract of HepG2 cells. 
For binding reactions of lOjLLg of nuclear extract with l\ig of P-labeled 
oligonucleotide probes, Zn^ "" ions are found to be essential for the binding of 
transcription factors to the MRE site as illustrated in Figure 2-16. 
Binding reaction without Zn with Zn 
Nuclear extract + + + + + + 
Fold competitor - - 10 100 - - 10 100 
^ , ^ f 
Figure 2-16 Effect of zinc on the in vitro MRE-binding activity of Zn^^ induced HepG2 
nuclear protein extract. Binding of HepG2 nuclear protein extract to the ^^-MREab probe in the 
absence and presence of ZnCl? was examined by electrophoretic mobility shift assay. 
Interactions of the putative MREs were supported by electrophoretic 
mobility shift assay as shown in Figure 2-17. In vitro DNA binding assays 
indicate that HepG2 nuclear factors can bind to all of the four putative MREs in 
32 
zebrafish promoter. The binding of nuclear protein extract to each P-labelled 
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double stranded oligonucleotide probes yielded the same size of complex. This 
suggested that only one of the two MREs, separated by four nucleotides, in 
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Figure 2-17 Electrophoretic mobility shift analysis of zebrafish metal responsive elements 
and Zn2+ induced HepG2 cell nuclear protein extract. The protein-DNA complex is indicated by an 
arrow. 
Competitive mobility shift assays revealed that all four MREs were 
capable of binding to nuclear extract from both ZnCh treated and untreated cells 
(figure 2-18). 
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Zn induced extract Control extract 
- 5 10 10 10 10 5 10 10 10 10 Nuclear extract (ng) 
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_ . . . + + _ - - + + Competitor preincubation 
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Figure 2-18 Competitive mobility shift assay for MREab. Binding reactions were incubated 
at room temperature for 30 minutes without HepG2 nuclear protein extract (lane 1) with Zn + 
treated extract (lanes 2-6), and untreated extract (lanes 7-11). Unlabelled competitor 
oligonucleotides were incubated in 0 (lanes 2, 3 7 and 8) 10 and 100-fold molar excess at the 
same time (lanes 3 and 9) or 30 minutes before (lanes 5, 6, 10 and 11) the addition of P-labeled 
oligonucleotides. 
The same pattern was obtained for MREa to d (Figure 2-19), the shifted 
band of MRE-protein complex could be completely competed out by pre-
incubation of binding reaction mixture with 10- and 100-fold molar excess of 
unlabeled competitor for 30 minutes before addition of the radiolabeled probe. 
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Figure 2-19 Competitive mobility shift assay for MREa, b, c and d. Binding reactions were 
incubated at room temperature for 30 minutes without HepG2 nuclear protein extract (lane 1) with 
Zn2+ treated extract (lanes 2-6), and untreated extract (lanes 7-11). Unlabelled competitor 
oligonucleotides were incubated in 0 (lanes 2 3 7 and 8) 10 and 100-fold molar excess at the 




2.4.1 Zebrafish MT gene 
The primary sequences of MT gene are highly conserved among 
vertebrates (Kagi & ScMffer, 1988). The isolated zMT gene shared a similar 
tripartite structure with rainbow trout MT-B (Zafarullah et al., 1988), northern 
pike and stone loach(Kille et al, 1993) in which two introns interrupt three exons 
at precisely homologous positions. Exon 1 encodes the amino acids 1 to 8-1/3, 
exon 2 encodes amino acids 8-2/3 to 30-1/3, and exon 3 encodes amino acids 30-
2/3 to 60 (61 if stop codon counted). The intron/exon boundaries follow the 
GT...AG splicing rule (Breathnach & Oiambon 1981). 
The MT promoter regions are characterized by containing two or more 
M R E S which show a strong homology between vertebrate species (Zafarullah et 
al., 1988). The teleost MREs show high level of conservation to the core 
consensus sequence determined for their mammalian counterparts. Unique to the 
teleost genes is a second distal MRE cluster located 500-800 bp upstream from the 
transcription initiation site (Olsson et al., 1995). The 835 bp zebrafish MT 
promoter isolated contains four MRE sites that match the core consensus sequence 
of 5'-TGCRCNC-3', which are distributed into proximal and distal clusters (Figure 
2-5). 
2.4.2 Functional characterization of zebrafish MT promoter 
Regulatory potential of the zebrafish MT gene promoter 
Functional analysis of the gene promoter region was provided by 
transfection of the zMT promoter into both homologous zebrafish caudal fm 
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(SJD.l) cells and heterologous human hepatoblastoma (HepG2) cells. Because of 
the high level of conservation of MT regulatory factor(s) in phylogenetically 
distant species like humans and fish (Zafarullah et al., 1988), the zMT promoter 
was found to be functional in HepG2 cells in the present study. 
Transient transfection assays on HepG2 cells (Table 2-4) and SJD.l cells 
2 I 
(Figure 2-15) lead to similar induction of expression by metals. Both Zn and 
Cd2+ were found to be good inducers while Cu^^ was not a sensitive inducer. A 
minor difference occurred between the two cell lines by a trifle 1.31-fold 
• 2 + 
induction in HepG2 cells opposing to inertness in SJD.l cell line for Hg 
induction. 
MTS have been found to be activated by oxidative stress in mouse 
(Andrews, 2000), rainbow trout (Olsson et al., 1995) and common carp (Figure 2-
15). Transfection experiments on rainbow trout MT-A promoter have shown the 
role of distal AP-1 elements in mediating free radical response of the gene(01sson 
et al., 1995). The presence of two putative AP-1 sites does not bestow zMT 
promoter responsiveness to H2O2 treatment. 
Deletion analysis of zMTpromoter 
Genetic elements responsible for regulation of MT gene expression have 
been determined by sequential deletion of the putative regulatory elements and 
subsequently examining the ability to drive luciferase reporter gene. Transient 
expression assays in HepG2 cell line have shown that the distal MREd site is 
crucial for high level zMT induction by metals, the removal of which dramatically 
reduce the potential of the promoter. Serial deletion of putative regulatory 
elements in zMT promoter has shown that at least three copies of MRE are 
required for efficient metal-induced reporter gene expression (Figure 2-15). 
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Despite results from electrophoretic mobility shift experiments supporting 
specific binding of all the four MREs to transcription factors in HepG2 cell 
nuclear extracts, the existence of either one or two proximal MREs have no 
contribution to metal inducibility. This may suggest the cooperative effects of 
multiple MREs, which specifically bind to nuclear transcription factors, on the 
synergistic action on metal-regulated transcription. 
The findings comply with other studies on the 5'-flanking region of MT 
genes reported so far, which have suggested a functional significance of multiple 
MRE copies in the synergistic action on metal regulation. Promoter studies on 
mouse MT-(Stuart et al., 1985)1 indicated that at least two copies of MRE were 
required for efficient metal-induced reporter gene expression (Searle et al., 1985), 
while human MT-IIA required four or more MREs for significant level of zinc-
induced reporter gene expression (Koizumi etal., 1999). 
Basal level of zMTpromoter activity 
In electrophoretic mobility shift assays, HepG2 cell nuclear protein extract 
without Zn2+ treatment has been found to be able to bind MREs in the zMT 
promoter. This may be explained by results in metal treatment experiments which 
have revealed that the zMT promoter has a basal level activity without any 
treatment (Figure 2-14). In the deletion analysis, the basal activity was abolished 
upon removal of two MRE, three AP-1 and one Spl sites. 
Moreover, studies on the properties of MRE-binding activities by Murata 
et al demonstrated that incubation of uninduced whole cell extract of HeLa cells 
with Zn2+ could induce formation of MRE complex (Murata et ah, 1999). 
MT may also be induced by a wide variety of physiological stimuli such as 
hormones, second messengers, growth factors, inflammatory agents, cytotoxic 
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chemicals (and their downstream mediators, cytokines), tumor promoters, 
oncogene products, antibiotics, and stress agents, which may be present in the 
human liver cancer cell line HepG2. 
MREs of human MT-IIA have been shown to support basal level promoter 
activity in a synergistic fashion, and was suggested to be an effect of the binding 
of MTF-1 to MRE (Koizumi et al., 1999). If purified MTF-1 can be used instead 
of crude nuclear protein extract, a more specific binding can be observed. 
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Chapter 3 Preparation of gene constructs for transfer in zebrafish 
3.1 Introduction 
3.1.1 Zebrafish as model in toxicological studies 
Risk assessment of aquatic pollutants depends on the production of 
toxicity data for surrogate species of mammals, birds, and fish and on making 
comparisons between these and estimated or predicted environmental 
concentrations of the chemicals. Aquatic animals have become important as 
surrogate species for monitoring the effects of environmental pollution, and 
toxicological testing of materials that may have adverse biological effects in 
humans. Moreover, aquatic organisms can provide direct information about the 
impact of pollutants in the health of the aquatic ecosystem as it relates to resident 
organisms (Kocan, 1996). 
Fish, as the most numerous vertebrates, are popular model systems for 
biological research and studies of toxicology. The teleosts, bony fish, constitute 
the largest group of fish and have adapted over many hundred million years to a 
multitude of different habitates. Of these, zebrafish {Danio rerio) and medaka 
{Oryzias latipes) have been common vertebrate model species in developmental, 
genetic and toxicological studies. 
The use of zebrafish as a model system has many advantages that have 
been exploited over the years. Zebrafish is a small tropical freshwater cyprinid 
native to the Ganges river, but commonly available in pet stores. This inexpensive 
hardy little fish grows to only one to two inches in length, enabling large numbers 
of breeding individuals to be maintained in a limited space and at an acceptable 
cost. 
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Zebrafish has a relatively short generation time of about 2 to 3 months, 
spawning hundred of eggs daily, which undergo external fertilization and rapid 
development taking two to three days to hatchling fry from fertilized egg at 26X. 
The chorion of egg is completely transparent and the embryos have few cells with 
simple organization are optically transparent throughout early development, thus 
the eggs are accessible for manipulative study and the developing eggs can be 
easily observed using a dissecting microscope. 
3.1.2 Reporter gene system 
Many genetic reporter gene systems (with easily measurable phenotypes) 
have been developed for studying eukaryotic gene expression and cellular 
physiology in cultured cells and living experimental animals. Their wide range of 
applications include the study of reporter activity, transcription factors, 
intracellular signaling, mRNA processing and protein folding, while their roles in 
monitoring gene transfer and expression and its development as a biological 
screen are of interest in this study. Expression of genes inside cells can be 
evaluated by splicing transcriptional control elements to a variety of reporter 
genes. 
The commonly used reporter genes include chloramphenicol 
acetyltransferase (CAT) gene, (3-galactosidase, alkaline phosphatase, luciferase 
and green fluorescent protein (GFP). Green fluorescent protein and the 
bioluminescent luciferase have become increasingly popular for the highly 
sensitive and non-destructive monitoring of gene transfer and expression in living 
tissues and cells as they can be detected externally using sensitive photon 
detection systems. 
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Green fluorescent protein 
GFP is an ideal biomarker gene because of its small size (717 bp), and its 
low CG dinucleotide content rendering it less sensitive to inactivation by 
methylation mediated by methylated DNA binding protein (Boyes & Birds, 1991). 
Green fluorescent protein (GFP), cloned from the bio luminescent jellyfish 
Aequorea victoria, has been used as an indicator of transgene expression in living 
cells and organisms because it can be easily detected while requires no substrates 
or associated cofactors, nor additional gene products from A. Victoria (Zhang et 
al., 1996). GFP expresses in a species-independent fashion, and acts as a vital dye 
upon the absorption of blue light with the emission of green light which is easily 
detected by noninvasive means using a fluorescent microscope, fluoresce-
activated flow cytometry, or simply a UV light box. Expression of GFP gene can 
be directly observed as green fluorescence in the living organism, thus allowing 
real time monitoring of transcriptional changes. 
Luciferase 
Firefly luciferase is a 61kDa monomeric protein that does not require post-
translational processing for enzymatic activity. It is conveniently assayed by using 
a luminometer or scintillation counter. Luciferase shows little toxicity or other 
deleterious effects on normal cellular metabolism. The sensitivity, wide linear 
range and extremely low background, and relative ease of the luciferase assay 
contributed to its popularity (Bronstein et al., 1994). 
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3.1.3 Transgenic reporter fish 
There have been examples on using MT gene promoter or regulatory 
elements linked to reporter gene systems to study gene function and regulation, 
and pollutant monitoring. Rainbow trout metallothionein B gene (tMTb) gene 
promoter has been fused to chloramphenicol acetyltransferase (CAT) gene to 
study MT gene regulation in various cell lines and medaka developing embryos 
(Hong et al., 1993). The in vitro expression study all showed that metal induction 
of the tMTb promoter was dependent on cell types and their origin, where 
homologous liver cells scored the highest metal induction, while the in vivo 
transient expression study suggested restricted expression in specific tissues or 
developing organs. 
In another study, transgenic zebrafish with luciferase reporter gene 
controlled by (i) aromatic hydrocarbon response elements responding to 
polycyclic hydrocarbons and halogenated coplanar molscules, (ii) electrophile 
response elements responding to quinines and numerous other potent 
electrophillic oxidants, and (iii) metal response elements responding to heavy 
metal cations were produced (Carvan et al., 2000). The luminescence produced by 
luciferase gene was found to be proportional to the environmental concentration 
of the pollutant that the transgenic fish exposed. 
3.1.4 Gene transfer by electroporation in zebrafish 
Several different methods have been described in gene transfer in 
zebrafish, including microinjection (Stuart etaL, 1988; Powers etaL, 1992; Khoo 
et al., 1993), electroporation on fertilized eggs (Buono & Linser, 1992; Powers et 
al., 1992), baekonization (Wong, 1990), microprojectiles (Zelenin et al, 1991), 
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incubating sperm cells in plasmid (Khoo et al., 1992; Khoo, 2000), and infecting 
embryos with pantropic retroviral vector (Lin etal., 1994). 
Of these methods, microinjection and electroporation were the most 
common. The successfulness of the microinjection and electroporation methods to 
introduce recombinant plasmids into fertilized eggs of zebrafish, channel catfish, 
and common carp were compared (Powers et aL, 1992). This study showed that 
electroporation tended to produce a greater number of transgenic individuals than 
the microinjection procedure even though survival was similar. The most 
attractive advantage of electroporation is that many more eggs could be treated per 
unit time by electroporation than the tedious and time-consuming microinjection. 
3.1.5 Objective 
With the zebrafish MT promoter, the specific aim in this section was to 
construct recombinant DNA vectors containing zebrafish MT promoter and GFP 
reporter gene for transfer into zebrafish embryos to generate transgenic zebrafish 
lines to serve as living biomonitor for the presence of metal pollution. As 
electroporation appears to be more efficient and reproducible for the production of 
transgenic fish, this is the method of choice in this study. 
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3.2 Materials and methods 
3.2.1 Design of gene constructs for ectopic expression in zebrafish 
For detection of metallothionein gene expression in zebrafish, recombinant 
DNA vector should contain a metallothionein promoter and an easily detectable 
reporter gene. 
The choice of promoter is important in governing the site of transgene 
expression. It has been proposed that reduced transgene expression to be caused 
by the use of heterologous transcription units derived from nonpiscine species, 
which might not be optimally recognized by fish transcriptional regulatory factors, 
and methylation inactivation mediated by a methylated DNA binding protein. A 
mouse metallothionein promoter failed to drive transgene expression in transgenic 
rainbow trout for detection, even after attempted heavy-metal induction. In 
another study carried out in trout hepatoma tissue culture cells, there is a 20-fold 
less expression if mammalian MT gene was transfected instead of the native fish 
MT gene (Guyomard et al, 1988; Zafarullah et aL, 1989). In order to maximize 
transgene expression, MT gene promoters of piscine origin were used. 
The pEGFP-1, which encodes a red-shifted variant of wild-type GFP, is a 
promoterless EGFP reporter vector purchased from Clontech. This can be used to 
monitor transcription from different promoters and promoter/enhancer 
combinations inserted into the mutiple cloning sites located upstream of the EGFP 
coding sequence. SV40 polyadenylation signals downstream of the EGFP gene 
direct proper processing of the 3, end of the EGFP mRNA. 
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Figure 3-1 pEGFP-1 promoter reporter vector from Clontech. 
Gene construcrt ccATP-EGFP was prepared by PCR amplification of the 
common carp p-actin promoter (ccATP) (Liu et aL, 1990b) from pActin-Ex 
(pAE6) vector with the primers EC0591 ( 5 ' - G A T G A A T T C T T A C A C A G G A A A C A G - 3') 
and BAM118 (5' - T A T G G A T C C T C G G T C G A G G G T A C C G G C - 3'), which adopted the 
restriction sites EcoR I and BamR I respectively as underlined. The PCR product 
was first cloned into Sma I site of pUC18 for subcloning into pEGFP-1 vector 
(Clontech) via EcoR l-BamU I restriction sites. 
The gene construct ccMTP-EGFP was prepared by Ms. Carmen Siu. The 
common carp MT promoter in pCR™ II cloning vector was subcloned into 
pEGFP-1 vector through Xho I and BamH I restriction enzyme sites. 
In the production zMTP-EGFP gene construct, zMTP amplified from zMT 
1FT3R clone with primers ZMTP F1 (5' - C T T G G T A C C G A A T T C C A G A G A G A C A C T G - 3') 
and ZMTP RB (5’ - C A C G G A T C C A G A G A G T A T C C T C A A A G A G - 3') with Kpn I and BamH 
I sites respectively (underlined) was cloned into the Kpn I and BamH I sites of 
pEGFP-1 vector. 
Gene constructs ccATP-EGFP, ccMTP-EGFP and zMTP-EGFP were 
linearized by Xho I and Stu I respectively. Purification was accomplished 
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by phenol and then chloroform extraction, ethanol precipitation, and dissolving in 
distilled water before gene transfer experiments. 
3.2.2 Testing electroporation conditions for zebrafish 
Rearing zebrafish and embryo collection 
Zebrafish were obtained from the local pet store and maintained at 28°C. 
Fish were fed twice daily with commercial dry flake food in the morning and in 
the afternoon. Males fish were distinguished by slimmer body and slightly yellow 
at the belly with larger anal fins, while female fish were slightly bigger, plumper 
and more silvery. 
Zebrafish are normally summer spawners. By keeping the 14-hour light 
and 10-hour dark cycle each day simulating summertime conditions, they can be 
tricked to give eggs year round. To maximize embryos production, males and 
females were kept in separate tanks. The day before embryo collection, males and 
females were put into the same tank in the ratio of one male to two females. 
Embryos were collected after the beginning of the light cycle, and washed with 
double distilled water and then rinsed in PBS. 
Electroporation 
Electroporation testings of zebrafish embryos were carried out with BTX 
Electro Cell Manipulator® 600 Electroporation System. In testings of pulse field 




The common carp P-actin, common carp MT and zebrafish MT promoters 
were fused to the multiple cloning site upstream of EGFP cDNA to generate gene 
constructs ccATP-EGFP, ccMTP-EGFP and zMTP-EGFP respectively. 
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Figure 3-3 Vector map for gene construct ccMTP-EGFP. 
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Figure 3-4 Vector map for gene construct zMTP-EGFP. 
Sequence verification of gene constructs by manual sequencing showed 
deviation in the sequence of Cyprinus carpio metallothionein (ccMT) gene with 
Genbank accession number AF001983 (Shin et al, 1997). The MREe in the ccMT 
promoter was abolished (Figure 3-5). 
MREd > 
Sequenced AAOCTTTCAAAAATTCTAAATTITGCTCCGI^CGAAGCATCTTCTAAAGACGAGCCTCGATG 
Publ ished A AC^CTTTC A AAAATTCTAAATTITGCTCE^GAAGC ^TTCTAAAGACGAGCCTCGATG 
MREE< 
Sequenced GGCTTTATCTGGCTTAAATTATAAATTATTTATGCTTAAATACGTGTTTATTTTAATATT 
Publ ished GGCTTTATCTGGCTTAAATTATAAATTATTTATGCTTAAATACGTGTTTATTTTAATATT 
Sequenced TAGTAGGGTGGTATCACGTTGCCTTCTTACAACAATCTAACCATTTAAGAAGCTCAAAGG 
Publ ished TAGTAGGGTGGTATCACGTTGCCTTCTTACAACAATCTAACCATTTAAGAAGCTCAAAGG 
Sequenced CTGATTAAGTATGACAAAGTATGTTATTTTATAGTTATCTTTGATTCTAACAAAATAGTT 
Publ ished CTGATTAAGTATGACAAAGTATGTTATGTTTCTTAGTTCTTTGATTCTT - TATAGTTATA 
Sequenced TCTTAGT-GCTTATTAAAAAGAATATCTTTCGCTCCCCAAAAAGAAAATAACATACAAAA 
Publ ished ACAAAATAGCTTATTAAAAAGAATATCTTTCGCTCCCCAAAAAGAAAATAACATACAAAA 
Sequenced AACATTGAATTCTCTAATCACATAAACGTTTCGCAATCAATATTCAGCCCGCCGAGTGGA 
Publ ished AACATTGAATTCTCTAATCACATAAACGTTTCGCAATCAATATTCAGCCCGCCGAGTGGA 
Sequenced AATGATAGTTATATAATAGTGTAAAACCAACATTGATGTGAATCAGGGTGGGATTGGAGA 
Publ ished AATGATAGTTATATAATAGTGTAAAACCAACATTGATGTGAATCAGGGTGGGATTGGAGA 
MREa > MREb> 
Sequenced TTCCTGATTGTTTGATAGTT|TGCACC GTTTCATTAATGAGTCACC GTGTG :GGGCGGG 
Publ ished TTCCTGATTGTTTGATAGTllTGCACOTGTTTCATTAATGAGTCACdGTGTGbQGGCGGG 
MREC > TATA box 
Sequenced ACGGGCTTTTCCCCTCGCCCTGTdTGCAGTCKQGGCTdTATAWcCAGGGGCAGGATCA 
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Figure 3-5 Comparison of the sequenced and published sequence of common carp MT 
promoter. 
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Zebrafish embryos at one to four cell stages were subjected to 
electroporation condition testings in PBS buffer. Each group containing 250 to 
300 eggs was challenged with 5 square pulses each for 50|LLsec at different pulse 
strength. The relationship between pulse strength (in voltage) and embryo survival 
is shown in Figure 3-6. The survival is expressed as percentage survived till 
hatching relative to that of control group, 62% of which hatched into fries. 
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Figure 3-6 Survivorship of zebrafish fertilized eggs till hatching three days after subjecting 
to 5 pulses of electric shock in PBS buffer each for 50 |isec in electroporation at different voltages 
ranging from 0 to 300 volts. 
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3.4 Discussions 
Transgenic techniques are being developed to introduce desirable traits 
into many species of fish. For fish transgenics to be successful, appropriate 
promoters, enhancers, and tissue-specific DNA sequences must be identified 
3.4.1 Engineering gene constructs 
Stable insertion of a transgene into the zebrafish genome involves delivery 
of the transgene into the cytoplasm of a fertilized egg, transport to the nucleus, 
integration into chromosomes and transmission to the next generation (Collas & 
Alestrom, 1998). As transgenes have so many obstacles to overcome, initial 
transgenic studies have also suffered from problems of unreliable pattern and level 
of transgene expression, position effects on transgene expression, and late 
integrations of transgenes, which lead to mosaic segregation and expression of 
DNA and RNA. 
Choice of promoter 
Reliable expression of reporter gene in specific tissue has long been 
problem in the generation of transgenic fish because of the scarcity of homologous 
promoters. Until recently, there have been few reports on transgenic zebrafish in 
which gene is under the control of promoters of zebrafish origin. The application 
of homologous promoter linked to GFP-based reporter gene system in transgenic 
zebrafish has produced successful in vivo expression in skin (Ju et al., 1999) 
muscle (Moss et al., 1996; Higashijima et al., 1997; Ju et al, 1999), circulating 
blood cells (Long et al., 1997), and nervous system (Park et al., 2000; Higashijima 
etal.imO). 
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Although common carp MT promoter has been proved to have similar 
metal inducible effects on zebrafish cell line (Figure 2-15), the production of 
transgenic zebrafish using constructs containing the homologous MT promoter, 
which is inducible by Zn — Cd . and Cu^^, gives better visualization on the effects 
of metals for monitoring of aquatic heavy metal pollution. 
Border elements 
In the production of transgenic animals with over-expressing transgenes, 
which randomly integrate into the host genome, expression of transgene is often 
dependent on its site of integration. This phenomenon is called "position effect". 
The spatial and temporal expression pattern, as well as the level of transgene 
expression may vary because of interactions with neighboring transcriptional 
regulatory elements (McKnight etal., 1992; Cai & Levine, 1995). 
Position effects can be alleviated by border elements border elements (or 
insulator DNA), which functionally isolate neighboring genes preventing 
interactions between transgenic promoters and regulatory elements from 
neighboring genes. It has been suggested that the inclusion of border elements in 
gene constructs can provide reliable and reproducible levels of transgene 
expression which does not depend on the sites of integration and is proportional to 
copy number (Caldovic et al., 1999). Careful selection of transgenic lines is 
obligatory if border element is unavailable. 
Border elements with different modes of action have been characterized 
from a variety of sources. Examples include binding sites for the suppressor of 
Hairy wing zinc-finger protein [Su(Hw)] from the D. melanogaster gypsy 
retrotransposon (Geyer & Corces, 1992), scs and scs' from the D. melanogaster 
87A7 heat shock locus (Kellum & Schedl, 1991), hypersensitivesiite 5'HS4 of the 
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5' boundary of the chicken beta-glob in domain (Chung et al., 1993; Chung et al., 
1997), Alu element from human keratin 18 (K18) gene (Willoughby et al., 2000) 
Matrix-attachment region from chicken lysozyme locus (A-element) (McKnight et 
al., 1992). 
Nuclear localization signal 
The commonly used gene transfer methods for the generation of transgenic 
fish are microinjection or electroporation of gene constructs into cytoplasm. The 
slow rate of transport of transgnene from cytoplasm to the nucleus while the 
embryo is rapidly dividing often lead to the late persistence of the foreign DNA 
organized in concatemers and distributed in a mosaic fashion (Colias & Alestrom, 
1997). 
It has been found that a group of synthethic short peptides called nuclear 
localization signal (NLS) peptides (CGGPKKKRKVG-NH2) being part of the 
primary structure of most karyophilic proteins and consisting of one or two 
stretches of the basic amino acids required for nuclear import (Dingwall & 
Laskey, 1991) can enhance nuclear import and expression of DNA in vitro (Collas 
& Alestr6m 1996) and in zebrafish embryos (Collas & Alestr6m 1997). 
Cytoplasmic injection of plasmid DNA complexed to synthetic NLS peptide by 
ionic interactions into zebrafish eggs has promoted transient reporter gene 
expression (Collas et al, 1996), and enhanced germline integration frequency of 
founders zebrafish by increasing nuclear uptake during embryo development 
(Collas & Alestr6m, 1998). 
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Design of gene construct backbone 
In this study, basic gene constructs have been produced. Some 
improvements for the design of gene constructs have been suggested. Gene 
constructs for overexpression should basically contain an appropriate functional 
promoter for optimal temporal and spatial expression of desired transgenes, the 
gene of interest with initiation codon (ATG) and polyadenylation signal. Gibbs 
and Schmale have shown that linear transcription unit of transgene instead of 
super coil DNA resulted in higher frequency of clonal inheritance of transgene 
(Gibbs & Schmale, 2000). To ensure copy number proportional and position-
independent expression of transgenes, border elements from a variety of sources 
can be introduced to flank both ends of the basic gene constructs. The plasmid 
vecotr should be removed if possible, because it has been shown that plasmid 
vector sequences have negative effects on transgene expressions (Kjer-nielsen et 
aL, 1992). 
Gene constructs in supercoiled plasmid may also by complexed to nuclear 
localization signal peptides by ionic interactions to enhance nuclear uptake. 
However, electroporation cannot be used as the means of gene transfer. 
3.4.2 Applications of transgenic zebrafish 
Normally, the expression pattern of a transgene reflects that of the 
endogenous one from which the promoter for the transgene is derived. 
Transgenic zebrafish for in vivo promoter and metal regulation studies 
While the reintroduction of cloned genes into the cells and organisms from 
which they were derived has proven a critical methodology for studying cw-acting 
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control sequences, the analysis of promoter activity in a whole animal is desirable 
since dynamic temporal and spatial changes in a cellular microenvironment can be 
only poorly mimicked in vitro. The advent of transgenesis made in vivo studies on 
cell-specificity of gene expression within a complex organ and in all the tissues of 
an animal possible. The production of transgenic zebrafish carrying stably 
integrated zMT promoter-driven GFP reporter gene enhances the ability to 
analyze zMT gene regulation in vivo. 
Transgenic zebrafish as biomarker for aquatic heavy metal pollution 
The ability to assess the presence and severity of aquatic heavy metal 
pollution is critical to protecting the health of humans and other aquatic 
organisms, as well as the structure and function of ecosystem. It is therefore 
important to develop biomarkers that can detect the earliest signs of metal 
exposure before irreversible damage has occurred. 
The availability of transgenic zebrafish carrying hybrid genes in which MT 
transcriptional regulatory sequences drive the expression of green fluorescent 
protein that glows upon exposure to a certain metal concentration may serve as a 
potential indicator species for routine biomonitoring to assess exposure to a whole 
range of heavy metal stresses. It should be possible to directly evaluate the toxic 
potential of heavy metal in natural aquatic ecosystems on individual organisms, 
populations, species, communities and ecosystems. 
If such a biomarker indicates heavy metal exposure, then more detailed 
studies to identify and quantify the particular contaminants present can be 
initiated. Such a procedure could have the advantage of providing a rapid 
assessment of animals from a large geographical area, followed by in-depth 
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studies of contaminant loads in animals from those locations identified by the 
biomarker. 
Due to natural biological variation, the optimal metal concentration for 
induction varies in different systems but is generally just below the level causing 
cell toxicity. The kinetics with which maximal MT synthesis is achieved also 
vary, ranging from days in whole mammals to minutes in yeast though metals 
appear to stimulate MT gene transcription almost immediately. (Hamer, 1986) 
Therefore, careful tests should be performed to correlate between the metal 
exposure, MT expression, and adverse effects in organisms. 
Embryonic and larval stages of teleosts are more sensitive to pollutants 
and other stressors than juvenile and adult stages. It is anticipated that in situ 
exposure of transgenic zebrafish eggs, larvae or adults, which glow under metal 
pollution, for environmental monitoring act as an early simple, sensitive, and 
specific assessment of adverse health effects to natural habitats that will be 
resulted without remedial actions taken. 
Moreover, metallothionein in metal-loaded organisms can be present in 
different isoforms that are specifically synthesized in response to different metals. 
If other MT isoforms and their promoters can be isolated for the production of 
transgenic zebrafish, a better picture on metal pollution can be obtained. 
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Chapter 4 Gene transfer experiments on tilapia 
4.1 Introduction 
According to de la Fuente et al., 1999, there have been over 10 reports on 
the generation of transgenic tilapias from 1988 onwards. Table 4-1 shows the 
examples to date. 
Gene construct DNA (kb) Integration Expression Inheritance Reference 
mMT-hGH Linear, 4 Y^s m (Brem et al., 1988) 
avianLTR-bGH Linear 3.5 & 8.5 Yes Nd Nd (Phillips etal, 1992) 
mMT-rGH Linear, 6.6 Yes Nd Nd (Rahman & Maclean, 1992) 
CMV-tiGH Linear, 3.2 Yes Yes Yes (de la Fuente et al, 1995; 
Martinez et al, 1996) 
CMV INT-tiGH Linear, 6.8 & 6.2 Yes Yes Yes (de la Fuente e/a/., 1995; 
Hernandez et al, 1997) 
RSV+INT-tiGH Linear, 6.5 Yes Yes Yes (de la Fuente a/., 1995; 
Hernandez et al, 1997) 
carppactin-lacZ Linear, 7.9 Yes Yes Yes (Iyengar e/ al, 1996) 
carpPactin-rtGH Linear Yes Yes Yes (Chen & Lu’ 1998) 
opAFP-csGH Linear, 3.9 Yes Yes Yes (Rahman ek/. , 1998) 
RSV-chrtiGH Linear, 7.0 Yes Nd Yes Martinez et al., unpublished 
Table 4-1 Gene transfer experiments in tilapia as adapted from (de la Fuente et al, 1999). 
Abbreviations: mMT, mouse metallothionein promoter; hGH, human GH; avianLTR, LTR from 
an avian retrovirus; bGH bovine GH; rGH, rat GH; CMV, cytomegalovirus; tiGH, tilapia GH; 
INT, first intron from trout GH; in the presence and absence of the intron; RS V Rous sarcoma vims 
LTR; itGH, rainbow trout GH; op AFP, ocean pout antifreeze protein promoter; csGH, Chinook 
salmon GH; chrtiGH, chromosomal tiGH gene; Nd, not determined. 
Most of the studies aimed at introducing growth hormone gene to enhance 
tilapia growth. Transgenic tilapia with gene constructs integrated into the host 
genome was first obtained by microinjecting mouse metallothionein-I promoter 
(mMT-I) fused to a structural gene coding for the human growth hormone (hGH) 
into the germinal disc of O. niloticus eggs 21-24 and 40-43 hours after fertilization 
(Brem et al., 1988). Successful transgene induction and integration was obtained 
from microinjection of mouse MT promoter / rat GH gene into one-cell-stage O. 
niloticus eggs (Rahman & Maclean, 1992). 
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As growth hormone acts by binding to specific cell surface receptors, it is 
believed that the use of homologous GH in the production of gene constructs can 
ensure better recognition by endogenous GH receptors. Because of the 
unavailability of homologous GH, transgenic tilapia produced in the early time 
made use of mammalian growth hormone gene constructs. 
The group of de la Fuente started to isolate homologous GH cDNA 
sequences for use on transgenic tilapia studies with success (de la Fuente et al., 
1995). Transgenics with tilapia growth hormone cDNA linked to the human 
cytomegalovirus (CMV) enhancer-promoter into one-cell embryos of hybrid 
tilapia (probably O. aureus X O. hornorum) was obtained by microinjection, and a 
transgenic tilapia carrying one copy of transgene and expressing exogenous 
growth hormone was established (Martinez et al., 1996). 
The transgenic tilapia produced to date mostly used transcriptional 
regulatory elements from land vertebrates and their viruses. The use of gene and 
promoter/enhancer sequences from other organisms in food fish is often seen as 
unsafe and unacceptable to consumers. Although there have been evidence to 
prove the growth enhancing ability (Cabezas et al., 1997; Martinez et al., 2000), 
and environmental and food safety (Guillen et al., 1999), the use of viral 
promoters in the tilapia GH constructs may have unknown problems. A study has 
shown that elements from mammalian genes may not be properly recognized by 
the fish cellular machinery and behave in an unpredictable manner (Betancourt et 
al., 1993). 
A commonly used piscine regulatory sequence is p-actin which is 
evolutionary conserved and highly expressed. The common carp P-actin promoter, 
a strong promoter with a wide range of tissue expression (Liu et al., 1990a), has 
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been very popular in transgenic fish studies and created fish with enhanced growth 
characteristics (Lu et al., 1992). Therefore, GH under the control of cc P-actin 
promoter was expected to constitutively express in nearly all tissues. 
Metallothionein promoters are also common and successful candidates for 
transgene regulation. Sockeye salmon MT promoter spliced to a sockeye GH gene 
dramatically enhanced growth of pacific salmon (Devlin et al,, 1994) and coho 
salmon (Mori & Devlin, 1999). Despite the high expression of MT induction by 
heavy metals, it is commonly considered to be a ubiquitous regulatory element 
with highest expression in liver. Moreover, in the functional characterization of 
zebrafish and common carp MT promoters, it has been found that MT promoters 
have a certain basal activity in the absence of inducing agents. 
As previous studies have used either viral promoter or heterogeneous GH 
gene, the market acceptability may be low. In this study, we aim at producing 
transgenic O. aureus strains by introducing “all-fish” gene constructs to allow 
expression of homologous growth hormone gene under the control of 
heterologous promoters to improve growth performance suitable for aquaculture. 
Genomic DNA of tilapia growth hormone has been cloned from O. 
niloticus (Ber & Daniel, 1992) and O. mossambicus (Sekkali et al., 1999), and 
cDNA sequences were available for O. niloticus (Rentier-Delrue et al., 1989) and 
O. homorum (Guillen et al., 1998). The specific aims were to isolate GH from O. 
aureus, construct "all-fish" gene constructs with O. aureus GH driven by common 
carp MT or p-actin gene promoter/enhancer sequence, transfer the two gene 
constructs into fertilized O. aureus eggs, and examine for transgene integration. 
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4.2 Materials and methods 
4.2.1 Isolation of .aureus growth hormone 
The growth hormones of three tilapia species (O. aureus, O. niloticus and 
O. mossambicus) were amplified with Pfu DNA polymerase, and 26-mer primers 
TGH 5F (5 _ AACTCGAGAACTGATGCCAGCCATGA 3’ Xho I site underlined) 
and TGH 3R (5, - CCTCTAGAGCTACAGAGTGCAGTTTG - 3,, Xba I site 
underlined), which incoporated the restrictions sites Xho I and Xba I respectively. 
The two primers were designed from the Tilapia nilotica growth hormone gene 
sequence (Ber & Daniel, 1992) flanking the DNA sequence between signal 
peptide and the stop codon. O. aureus GH was isolated as PCR products, which 
were blunt end ligated to Sma I site of pUC18 as described in section 2.2.1, and 
sequenced. 
Jw \ / Hwd Hi 400 
W Ampr / Spftl4l0 
f / 
I P U C I B M c s l 
26 bp . kl] \ XhM i 424 
1 lac/. \ M 
4 r / J \ 
\ lu \ 
\ y ^ \ $iic 1449 
\ / HC0RM51 
Figure 4-1 pUCl 8 cloning vector. 
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4.2.2 Engineering gene constructs for ectopic expression in tilapia 
auGHpUClS 
^ ^ ^ Hind III 400 
Amp r 
f auGHpUCIS 
y 4103 bp auGH 
EcoR 11868 
Figure 4-2 Vector map for auGH in pUCl 8 vector. 
ccATP-auGH 
The common carp p-actin promoter (ccATP), which contains the proximal 
promoter and all the enhancers including an enhancer in the first intron (Liu et al., 
1990), was available in pActin-Ex vector. The O. aureus GH (auGH) was released 
from pUC18 vector by a Xho l-Xba I digest, and inserted into the Xho l-Xba I sites 
immediate downstream of ccATP through sticky end ligation as described in 
section 2.2.1. 
ccMTP-auGH 
The ccMTP was isolated from the PGR™ II vector with Hind lll-BamU I 
restriction digestion. This fragment was linked to the corresponding sites upstream 
ofauGHinpUClS. 
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The junction of each construct was checked by sequencing with primers 
CCATPFS, CCMTPFS and AUGHBS designed from ccATP, ccMTP and auGH 
genes respectively. The ccATPauGH and ccMTPauGH vectors were linearized by 
Xba I and Hind III digestion respectively, and purified by phenol and then 
chloroform extraction, ethanol precipitation, and dissolving in distilled water 
before gene transfer experiments. 
4.2.3 Gene transfer in tilapia 
Gametes collection 
O. aureus in Xijiang Aquaculture Institute were kept in outdoor ponds 
under ambient temperature. Sexually mature fish were selected in the morning on 
the day of electroporation and transferred to indoor tanks of constant temperature 
of 28.5°C. Gametes were collected in two ways. 
One of the methods was by artificial fertilization. Sperms and eggs were 
collected separately (Figure 4-3) and fertilization was initiated by mixing milt and 
eggs with addition of distilled water. Fertilization process was completed in a few 
minutes. 
Another method was by collecting naturally fertilized eggs from mouths of 
females (Figure 4-4), as O. aureus is a mouth-brooding species. At the time of 
spawning, males established a territory and excavated a shallow nest, where 
spawning took place. After fertilization, female collect eggs in their mouth. 
Fertilized eggs obtained from both methods were rinsed with distilled water for 
several times, and then with PBS. 
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Figure 4-3 Sperm and egg collection from 1 year-old O. aureus male and female for 
artificial fertilization. 
Figure 4-4 Collection of eggs from mouth of female O. aureus. 
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Electroporation 
The Transfector™ 800 Electroporation System (Biotechnologies & 
Experimental Research Inc.) was used. In order to maximize the chance of early 
integration into all cell lineages, electroporation was carried out before the first 
cell division, which occurred at about 90 minutes after fertilization. 
Optimization of electroporation conditions was carried out with PBS 
alone. For electroporating constructs into fertilized eggs, about 300 embryos were 
placed in a 90 mm dish with 15 ml of 100|Xg/ml linearized ccATPauGH or 
ccMTPauGH gene constructs. The embryos were pulsed three times for 50 |Lisec 
each time at various voltage settings. 
4.2.4 Screening transgenic tilapia 
Tilapia embryos hatched about 96 to 110 hours after fertilization. The 
newly hatched fry took one to two weeks to completely absorb the yolk sac, which 
depended on water temperature. Early evaluation of gene transfer was completed 
by sacrificing a portion of the fries that just absorbed the yolk sac for genomic 
DNA samples for PCR screening tests, and the rest of fries were allowed to grow 
on. 
Figure 4-5 One-week-old O. aureus larvae carrying a bulk of yolk sac. 
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Genomic DNA extraction 
Random sample of fries were sacrificed and digested with proteinase K in 
digestion buffer (200mM NaCl lOOmM Tris-Cl pH 8, 50mM EDTA pH 8, 1% 
SDS) overnight at 55°C. The genomic DNA was precipitated using isopropanol, 
washed with 70% ethanol, and dissolved in 100|il TE for per larva. 
PCR screening of transgenic fish 
PGR was carried out using Taq DNA polymerase with 2 sets of primers for 
each screening. The first set of primers was used for transgene detection. 
Combinations of reverse primers TGH 3R and AUGHBS from O. aureus GH, and 
forward primers EC0591 and CCATPFS from common carp p-actin could detect 
ccATP-auGH gene construct. Combinations of reverse primers TGH 3R and 
AUGHBS, and forward primer CCMTPFS from common carp MT could detect 
ccMTP-auGH gene construct. 
CCATPFS and TGH3R were specific for ccATPauGH construct, and 
CCMTPFS and TGH3R were exclusive for ccMTPauGH construct. 
The second set of primers, OPAI3590 Forward and Reverse primers 
(Bardakci & Skibinski, 1999), were used as an internal control to indicate the 
strain of tilapia and to show the successfulness of genomic DNA extraction. 
Primer name Primer sequence Construct tested 
TGH3R 5' - C C T C T A G A G C T A C A G A G T G C A G T T T G - 3, both 
AUGHBS 5' - G C A G T G G T C C C T T C T C G - 3' both 
EC0591 5' - G A T G A A T T C T T A C A C A G G A A A C A G -3 ' ccATP-auGH 
CCATPFS 5'- C T G G C A C A T C T G A G G C G - 3 ' ccATP-auGH 
CCMTPFS 5' - A C C A G G G G C A G G A T C A G - 3' ccMTP-auGH 
OPAl3590 Forward 5' - C A G C A C C C A C G T G A C T C C - 3' “ 
OP Al 3590 Reverse 5' - C A G C A C C C A C C C A G G T A A A - 3' -
Table 4-2 List of primers used in the PCR screening of transgenic tilapia. 
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4.3 Results 
4.3.1 Tilapia growth hormone 
From the consensus sequences of O. niloticus and O. mossambicus, PGR 
primers were designed to obtain the genomic DNA fragment of O. aureus growth 
hormone. Figure 4-6 shows that GHs from the three species have very similar 
sizes. 
m 1 2 3 
Figure 4-6 Genomic fragment of growth hormone amplified from O. aureus (lane 1) O. 
niloticus (lane 2) and O. mossambicus (lane 3) respectively. 
The O. aureus growth hormone (auGH) flanking 15 bp upstream of 
translation start codon in exon 1 to the end of exon 6 was 1417 bp long. It showed 
97% and 94% homology with the O. nilocicus growth hormone (niGH) and O. 
mossambicus growth hormone (moGH) respectively. Figure 4-7 shows the 
alignment of growth hormone between the three species. 
The cloned auGH fragment included the region of signal peptide of 17 
amino acid residues. The presence or absence of the signal sequence on transgenic 
GH gene products will affect the level of GH in the blood as well as protein 
concentrations in different cells. 
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auGH 1 GAACTGATGCCAGCCATGAACTCAGgtaagacat-ctgggct-cccccacgagaagggac 60 
1111111111111111111111111111111111 1111111 11111111111111111 
niGH 1 GAACTGATGCCAGCCATGAACTCAGgtaagacat-ctgggct-cccccacgagaagggac 60 
1111111111111111111111111111111111 11111 I 11111111111111111 
moGH 1 GAACTGATGCCAGCCATGAACTCAGgtaagacattctggg-tacccccacgagaagggac 60 
auGH 61 cactgctttatgatatttaacaaagtctgaaactgtctgtctgtctgtctgtctgtc--- 120 
11111111111111 111111111111111111111111111111111111111111 
niGH 61 cactgctttatgatgtttaacaaagtctgaaactgtctgtctgtctgtctgtctgtctgt 120 
11111111111111 I11 11111111111111 I11 111111 I11 I11 I11 
moGH 61 cactgctttatgatgtttgacaaagtctgaaac-gtc-gtc-gtc-gtc-gtc-gtc--- 120 
auGH 121 -agTCGTCCTCCTGCTGTCGGTTGTGTGTTTGGGCGCCTCCTCTCAGCAGATCACAGACA 180 
11111111111111111111111111111111111 11111111111111111111111 
niGH 121 cagTCGTCCTCCTGCTGTCGGTTGTGTGTTTGGGCGTCTCCTCTCAGCAGATCACAGACA 180 
11111111111 11111111111111111111111 11111111111111111111111 
moGH 121 -agTCGTCCTCCAGCTGTCGGTTGTGTGTTTGGGCGTCTCCTCTCAGCAGATCACAGACA 180 
auGH 181 GCCAGCGTTTGTTCTCCATTGCAGTCAACAGAGTCACGCACCTGCACCTGCTCGCCCAGA 240 
111111111111111111111111111111111111111111111111111111111111 
niGH 181 GCCAGCGTTTGTTCTCCATTGCAGTCAACAGAGTCACGCACCTGCACCTGCTCGCCCAGA 240 
11111111111111111111111111111111111111111111 111111111111111 
moGH 181 GCCAGCGTTTGTTCTCCATTGCAGTCAACAGAGTCACGCACCTGTACCTGCTCGCCCAGA 240 
auGH 241 GACTCTTCTCGGACTTTgtaagcctgcagcagctcaacaatctttcttctttctgaaaaa 300 
111111111111111111111111111111111111111111111111111111111111 
niGH 241 GACTCTTCTCGGACTTTgtaagcctgcagcagctcaacaatctttcttctttctgaaaaa 300 
111111111111111111111111111111111111111111111111111111111111 
moGH 241 GACTCTTCTCGGACTTTgtaagcctgcagcagctcaacaatctttcttctttctgaaaaa 300 
auGH 301 gaccaaatgttacctaaatcaaagctaatgcacaggacagaaactaggttcaaaatacgt 360 
111111111111111111111111111111111111111111111111111111111111 
niGH 301 gaccaaatgttacctaaatcaaagctaatgcacaggacagaaactaggttcaaaatacgt 360 
111111 11111111111111111111111111111111111111111111111111111 
moGH 301 gaccaattgttacctaaatcaaagctaatgcacaggacagaaactaggttcaaaatacgt 360 
auGH 361 tcaacaaaatgttctggatattcagtgtgtgcagtgagtttcgatgcacacagacatatg 420 
11111111111111111111111111111111111111111 111111111111111111 
niGH 361 tcaacaaaatgttctggatattcagtgtgtgcagtgagtttagatgcacacagacatatg 420 
11111111111111111111111111111111111111111 111111111111111111 
moGH 361 tcaacaaaatgttctggatattcagtgtgtgcagtgagtttagatgcacacagacatatg 420 
auGH 421 gacacatttcacatttgatgtcaagggaaccgagacactttgtagactgtcactgctaaa 480 
111111111111111111111111111111111111111111111111111111111111 
niGH 421 gacacatttcacatttgatgtcaagggaaccgagacactttgtagactgtcactgctaaa 480 
111111111111111111111111111111111111111111111111111111111111 
moGH 421 gacacatttcacatttgatgtcaagggaaccgagacactttgtagactgtcactgctaaa 480 
auGH 481 aacacagcagatgtttacactttacattttagtgacagtcagctataatctcaggatatt 540 
11111111111 1111111111111111111 1111111111111111111111111111 
niGH 481 aacacagcagacgtttacactttacattttaatgacagtcagctataatctcaggatatt 540 
11111111111 111111111111111111111111111111111111111111111111 
moGH 481 aacacagcagacgtttacactttacattttagtgacagtcagctataatctcaggatatt 540 
auGH 541 cagttaagaattatgaaacgatattaaaatttgctgtcagtcaataaaacacaggtattc 600 
111111111111111111111111111111111111111111111111111111111111 
niGH 541 cagttaagaattatgaaacgatattaaaatttgctgtcagtcaataaaacacaggtattc 600 
111111111111111111111111111111111111111111111111111111111111 
moGH 541 cagttaagaattatgaaacgatattaaaatttgctgtcagtcaataaaacacaggtattc 600 
auGH 601 ctgtgtattttgtgtatttctgtatgcacctttgtatttttgtgtgttaccattctttaa 660 
1111111111111111111111111111111 1111111111111111111111111111 
niGH 601 ctgtgtattttgtgtatttctgtatgcacctgtgtatttttgtgtgttaccattctttaa 660 
1111111111111111111111111111111 111111111111111111111 
moGH 601 ctgtgtattttgtgtatttctgtatgcacctgtgtatttttgtgtgttaccat------- 660 
auGH 661 ttctacacatgtcatagGAGAGCTCTCTGCAGACGGAGGAGCAACGTCAGCTCAACAAAA 720 
111111111111111111111111111111111111111111111111111111111111 
niGH 661 ttctacacatgtcatagGAGAGCTCTCTGCAGACGGAGGAGCAACGTCAGCTCAACAAAA 720 
11111111111111111111111111111111111111111111111111 
moGH 661 ----------gtcatagGAGAGCTCTCTGCAGACGGAGGAGCAACGTCAGCTCAACAAAA 720 
auGH 721 TCTTCCTGCAGGACTTCTGCAACTCTGATTACATCATCAGCCCGATCGACAAACACGAGA 780 
111111111111111111111111111111111111111111111111111111111111 
niGH 721 TCTTCCTGCAGGACTTCTGCAACTCTGATTACATCATCAGCCCGATCGACAAACACGAGA 780 
11111111111111111111111111111111 111111111111111111111111111 
moGH 721 TCTTCCTGCAGGACTTCTGCAACTCTGATTACATCATCAGCCCGATCGACAAACACGAGA 780 
92 
auGH 781 CGCAGCGCAGC'I'CGgtcattaaactacacagtactacgcaacactgcacagcagtacaca 840 
III I I11 I11 1111 1111111111111 I11 1111 11111 1111111111 I11 11 I11 I11 
niGH 781 CGCAGCGCAGCTCGgtcattaaactacacagtactacgcaacactgcacagcagtacaca 840 
111111111111111111111111111111111 111111111 1111111111111111 
moGH 781 CGCAGCGCAGC'l'CGgtcattaaactacacagtagtacgcaacattgcacagcagtacaca 840 
auGH 841 gtactacacagtaccagaggtactctgcccatgcgataatcttctgaagctgttgtctgc 900 
111111111111111111111111111111111111111111111111111111111111 
niGH 841 gtactacacagtaccagaggtactctgcccatgcgataatcttctgaagctgttgtctgc 900 
1111 11 I I I I 1111111111111111111111111111111111111111 
moGH 841 gtac--ca-a--a---g-g-tactctgcccatgcgataatcttctgaagctgttgtctgc 900 
auGH 901 ttattgatgggtcacagGTCC'I'GAAGC'l'GC'l'G'l'CGATCTCC'I'ATGGAC'I'GG'I'TGAGTCCT 960 
111111111111111111111111111111111111111111111111111111111111 
niGH 901 ttattgatgggtcacagGTCC'l'GAAGCTGCTGTCGATCTCCTATGGACTGGTTGAGTCCT 960 
1111111111111111111111111111111111111111 11 1111111111111111 
moGH 901 ttattgatgggtcacagGTCC'I'GAAGCTGCTGTCGATCTCTTACGGACTGGTTGAGTCCT 960 
auGH 961 GGGAGTTTCCCAGCCGCTCTCTGTCTGGAGGTTCCTCTCTGAGGAACCAGATTTCACCAA 1020 
1111111111111 1111111111111111111111111111111111111111111111 
niGH 961 GGGAGTTTCCCAGTCGCTCTCTGTC'I'GGAGGTTCCTCTCTGAGGAACCAGATTTCACCAA 1020 
1111111111111 1111111111111111111111111111111111111111111111 
moGH 961 GGGAGTTTCCCAG'l'CGCTCTCTGTCTGGAGGT'l'CCTCTCTGAGGAACCAGATTTCACCAA 1020 
auGH 1021 GGCTGTCTGAGCTTAAAACGGGAATCTTGCTGCTGATCAGGgtgagaagataaattgcac 1080 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I 11 I I 11 I I 11 
niGH 1021 GGCTGTCTGAGCTTAAAACGGGAATCTTGCTGCTGATCAGGgtgagaagataaattgcac 1080 
I 11 I 11 I I I 11 I I I 11 I 11 I I 11 I 11 11 11 I I 11 I I 11 I I 11 I 11 11 I 11 I 11 I 11 I I I I 
moGH 1021 GGCTGTCTGAGCTTAAAACGGGAATCTTGCTGCTGATCAGGgtgagaagataaattgcac 1080 
auGH 1081 aaacatattgctccatgcatggtaccaatgcgactaaccacctgactctacagGCCAATC 1140 
11 I I 11 I I 11 I I 11 I I 11 I I 11 I I 11 I I 11 I I 11 I I 11 I I 11 11 I I 11 11 11 I I 11 11 11 
niGH 1081 aaacatattgctccatgcatggtaccaatgcgactaaccacctgactctacagGCCAATC 1140 
1111111111111111111111111111111111111111111111111111111111 
moGH 1081 acacatattgctccatgcatggtaccaatgcgactaaccacctgact-tacagGCCAATC 1140 
auGH 1141 AGGATGAAGCAGAGAATTATCCTGACACCGACACCCTCCAGCACGCTCCTTACGGAAACT 1200 
11 I I 11 I 11 I I I I I I 11 I I I 11 I 11 I I I I I I 11 I I I 11 I 11 I 11 I I 11 I I 11 I I I 11 I 11 
niGH 1141 AGGATGAAGCAGAGAATTATCCTGACACCGACACCCTCCAGCACGCTCCTTACGGAAACT 1200 
111111111111111111111111111111111111111111111111111111111111 
moGH 1141 AGGATGAAGCAGAGAATTATCCTGACACCGACACCCTCCAGCACGCTCCTTACGGAAACT 1200 
auGH 1201 ATTATCAAAGTCTGGGAGGGAACGAATCGCTGAGACAAACTTATGAATTGCTGGCTTGCT 1260 
11 11 11 11 11 I 11 11 11 11 11 I 11 11 I 11 11 11 11 I 11 11 11 11 11 11 I 11 I 11 11 I 11 
niGH 1201 ATTATCAAAGTCTGGGAGGCAACGAATCGCTGAGACAAACTTATGAATTGCTGGCTTGCT 1260 
11 11 11 11 11 I I 11 11 11 I 11 11 11 11 11 11 I 11 11 11 11 11 I 11 I 11 11 11 I 11 I 11 I 
moGH 1201 ATTATCAAAGTCTGGGAGGCAACGAATCGCTGAGACAAACTTATGAATTGCTGGCTTGCT 1260 
auGH 1261 TCAAGAAGGACATGCACAAGgtgaggtagtggataatggtgatgtcactgtgatgatgac 1320 
111111111111111111111111111111111111111111111111111111111 111 
niGH 1261 TCAAGAAGGACATGCACAAGgtgaggtagtggataatggtgatgtcactgtgatgatgac 1320 
111111111111111111111111111111111111111111111111111111111111 
moGH 1261 TCAAGAAGGACATGCACAAGgtgaggtagtggataatggtgatgtcactgtgatgatgac 1320 
auGH 1321 aatgatgtaatgatggtgaagatgacatttttgttgcagGTGGAGACCTACCTGACGGTA 1380 
11 I I I I I I I I I I I I I 11 I I I I I I I I I I I I I I 11 I I I 11 I I I I I I I I I I I I 11 I I I I I I I I 
niGH 1321 aatgatgtaatgatggtgaagatgacatttttgttgcagGTGGAGACCTACCTGACGGTA 1380 
I 11 I 11 I I I 11 I 11 I I I 11 I 11 I I I 11 I 11 I I I 11 I I 11 I I 11 I I 11 I I 11 I I I I 11 I I I 
moGH 1321 aatgatgtaatgatggtgaagatgacatttttgttgcagGTGGAGACCTACCTGACGGTA 1380 
auGH 1381 GCTAAATGTCGACTCTCTCCGGAAGCAAACTGCACTCTGTAG 1422 
11111111111111111111111111111111111111111 
niGH 1381 GCTAAATGTCGACTCTCTCCAGAAGCAAACTGCACTCTGTAG 1422 
11111111111111111111111111111111111111111 
moGH 1381 GCTAAATGTCGACTCTCTCCAGAAGCAAACTGCACTCTGTAG 1422 
Figure 4-7 Comparison and alignment of the growth hormone DNA sequences from the 
cloned O. aureus, and the published O. niloticus (Genbank accession no.: M84774) and O. 
mossambicus (Genbank accession no.: AF033806). Exons are indicated in UPPERCASE letter. 
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4.3.2 Gene constructs for ectopic expression in tilapia 
The gene constructs ccATP-auGH (Figure 4-8) and ccMTP-auGH (Figure 
4-9) produced were sequenced to confirm the identity, and linearized (Figure 
4-10) for gene transfer into tilapia eggs. 
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Figure 4-8 Vector map for gene construct ccATP-auGH. 
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Figure 4-9 Vector map for gene construct ccMTP-auGH. 
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Figure 4-10 Linearized ccATP-auGH and ccMTP-auGH gene constructs prepared from Xba I 
and Hind III restriction enzyme digestion respectively. Primer sites for PCR analysis of each 
transgene were indicated by thin arrows. 
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4.3.3 Testing electroporation conditions 
Tilapia embryos at one cell stage were subjected to electroporation 
condition testings. Each group containing about 300 eggs was challenged with 3 
pulses each for 50|isec at different pulse strength. The relationship between pulse 
strength (in voltage) and embryo survival is shown in Figure 4-11. The survival is 
expressed as percentage survived till hatching relative to that of the control group. 
For the control groups, 81.9% and 50.3% of total eggs electroporated in trials A 
and B respectively hatched into fries. 
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Figure 4-11 Survivorship of tilapia fertilized eggs till hatching 110 hours after subjecting to 3 
pulses of electric shock each for 50 |isec in electroporation at different voltages ranging from 0 to 
0.45 KV. 
The optimal voltage for electroporating tilapia embryos 3 times for 50 
ILisec lay around 0.35 KV to 0.38 KV. 
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4.3.4 PCR screening for transgenic fish 
Thirty-one and twenty-five electroporation trials were performed on 
ccATP-auGH and ccMTP-auGH gene constructs respectively with various 
voltage, pulse length and number of pulses. The survival rates of electroporated 
eggs in all the electroporation trials are shown in Appendix (Tables 1 and 2). 
Transgenic tilapia carrying either ccATP-auGH and ccMTP-auGH gene 
constructs were expected to give PCR products of specific size as demonstrated by 
PCR using gene constructs as templates (Figure 4-12). 
M 1 2 3 4 5 M 
4.0 I I I J I I I I I I I I I I I^ J I I I I I^ I I I I I I I I I I 
3.0 j j j m ^ ^ ^ j ^ j ^ ^ ^ l j l l l l ^ l ^ p i y ^ j j m Lanes Transgene tested Primers Size (bp) 
2.0 1 ccMIP-auOH CCMTPFS & TGH 3R 1539 
m m i ^ ^ ^ j j j i n ^ j m i ^ ccMIP-auOH CCMTPFS & AUGHBS 184 
1.0 i i i l l l l l l i i i i i i l l l l l i i i i i i l i i i • 
U l j ^ l l ^ j j m j i m i l ^ ^ HI 3 ccATP-auGH EC0591&TGH3R 3547 
0 5 l U ^ J J J i m U J ^ ^ ^ ^ • 4 ccATP-auGH CCATPFS & TGH 3R 1615 
[ I J I I I I l l l l l l l l l l l J l l l l l l l l l l l l l l l l l l f c ^ • 5 ccATP-auGH EC059 & AUGHBS 2192 
Figure 4-12 Expected pattern and size of PCR products of transgenic tilapia with ccATP-
auGH and ccMTP-auGH. 
PCR analyses were carried out on larvae that had egg yolks completely 
absorbed about 2 weeks after fertilization in each electroporation trial having over 
100 surviving larvae. From PCR analyses of 16 and 12 trials electroporated with 
ccATP-auGH and ccMTP-auGH gene constructs respectively, no positive 
transgenic tilapia was identified. One example of the typical results obtained from 
PCR analyses of electroporation with each construct was shown. 
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Figure 4-13 shows the results of 13 out of 246 PCR screenings of 17 days 
old larvae in an electroporation of ccATP-auGH gene construct using the settings 
0.38KV, 60|asec and 4 pulses. In this experiment, 608 O. aureus fertilized eggs 
were electroporated with PBS as control and 4010 eggs electroporated with 
100|ag/ml ccATP-auGH gene construct, 54.44% of control and 43.12% of gene 
construct electroporation (79.2% of control) hatched at 110 hours. Of the 1729 
larvae survived after electroporation, 246 were subjected to PCR analysis using 2 
sets of primers, ccATPFS/TGH 3R and OPAI3590 Forward/Reverse. The 1615bp 
expected product for positive transgenic was absent in all the larvae tested. The 
ability for genomic DNA samples from newly hatched tilapia larvae to generate a 
band of 455bp by the OPAI3590 Forward and Reverse primers in nearly all PCR 
screenings has assured the successflilness of genomic DNA extraction and the 
correctness of O. aureus strain of tilapia. 
M 1 2 3 4 5 6 7 8 9 10 11 12 13 + - M Kbp 
Figure 4-13 PCR screening of ccATP-auGH gene construct. Two sets of PCR primers were 
used, where CCATPFS and TGH 3R were specific for gene construct ccATP-auGH and OP A18590 
Forward and Reverse primers were indicative of tilapia species. Templates for lanes 1 to 13 are 
genomic DNA samples from tilapia larvae, ccATP-auGH construct for +ve control, and water for 
-ve control. 
98 
Figure 4-14 shows the results of 10 out of 137 PGR screenings of 17 days 
old larvae in an electroporation of ccMTP-auGH gene construct using the settings 
0.38KV, 50|asec and 3 pulses. In this experiment, 573 O. aureus fertilized eggs 
were electroporated with PBS as control and 1829 eggs electroporated with 
100|Lig/ml ccMTP-auGH gene construct, 32.46% of control and 27.83% of gene 
construct electroporation (85.73% of control) hatched at 110 hours. Of the 509 
surviving larvae, 137 were subjected to PGR analysis using 2 sets of primers, 
ccMTPFS/TGH 3R and OPAI3590 Forward/Reverse. The 1539bp expected 
product for positive transgenic from primers ccMTPFS and TGH 3R was not 
observed in all the larvae tested indicating the absence of transgene. Similar to 
screenings in ccMTP-auGH, a 455bp band was amplified with the OPAI3590 
Forward and Reverse primers in nearly all PGR screenings. 
1 2 3 4 5 6 7 8 9 10 + - M K b E 
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Figure 4-14 PGR screening of ccMTP-auGH gene construct. Two sets of PGR primers were 
used, where CCMTPFS and TGH 3R were specific for gene construct ccMTP-auGH and 
OPA13590 Forward and Reverse primers were indicative of tilapia species. Templates for lanes 1 to 
10 are genomic DNA samples from tilapia larvae, ccMTP-auGH construct for +ve control, and 
water for -ve control. 
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Linearized gene constructs were checked by agarose gel electrophoresis to 
ensure the integrity before and after electroporation. Figure 4-15 shows that DNA 
constructs stayed intact after three times of electroporation. 
ccMTP-
ccATP-auGH auGH 
~ 1 2 3 4 ~ M 1 " " “ ~ 
— 
Figure 4-15 Agarose gel electrophoresis of gene constructs before (lane 1 for ccATP-auGH 
and lane 6 for ccMTP-auGH) and after electroporation for one (lane 4 for ccATP-auGH), two (lane 
3 for ccATP-auGH and lane 5 for ccMTP-auGH), and three times (lane 2 for ccATP-auGH). 
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4.4 Discussions 
4.4.1 Tilapia growth hormone 
The sequences of growth hormone from O. niloticus (Genbank accession 
number M84774) and O. mossambicus (Genbank accession number AF033806) 
show 94.7% DNA and 99% amino acid sequence homology respectively. Two 
GH genes identified in O. niloticus, GHl and GH2, show of more than 99% 
identity for genomic DNA sequence and 100% identical for amino acid sequences. 
They are believed to be arisen from recently gene duplication after O. niloticus 
evolved from ancestors of Oreochromis. 
The 1417 bp long partial O. aureus growth hormone flanking 15 bp 
upstream of translation start codon in exon 1 to the end of exon 6 showed 97% 
and 94% homology with the O. nilocicus and O. mossambicus growth hormone 
respectively. 
4.4.2 Electroporation experiments on of tilapia eggs 
The results of introducing transgene into fertilized tilapia eggs have been 
unsuccessful. The failure to generate transgenic founder may be attributed to 
either defects in the design of gene constructs, or the gene transfer method 
electroporation. However, in this study, the sensitive PCR screening on genomic 
DNA from whole larvae did not indicate the presence of transgene, neither 
integrated nor persisted extrachromosomaly. Therefore, it is believed that 
problems may lie ether in transgene degradation or the gene transfer method used. 
It has been suggested that most DNA introduced into fish eggs is either 
totally or partially degraded prior to possible integration. Most DNA that gain 
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entry into egg may be digested as they are bathed in the cell cytoplasm which is 
richly endowed with both exonuclease and endonuclease (Maclean et al., 1987). 
As the presence of transgene was detected 2-3 weeks after electroporation, 
transgene may have been degraded before detection. 
Although microinjection is an efficient and well-established method, the 
operation is complicated, time consuming, and requires a great deal of skill. 
Comparing to the enormous eggs obtained in spawning, the number of eggs that 
can be treated before cell division by microinjection is very limited. Therefore, the 
more simple and efficient means of gene transfer, electroporation, was chosen in 
this study. 
There have been difficulties in optimizing electroporation conditions. The 
major obstacle has been the ability to obtain consistent survival of electroporated 
and even control eggs. Initial problem in obtaining mature gametes of correct 
timing for artificial fertilization has been overcome by collecting naturally 
fertilized eggs from mouths of females. However the survival of fertilized eggs 
was still largely limited by hatching conditions, such as water temperature and 
quality. Although there has been temperature control in the indoor hatching tanks 
kept at 28.5°C, over-temperature of water could not be avoided in hot summer 
with room temperature over 33°C. In drought summer, the supply of water to 
Xijiang Aquaculture Institute was limited resulting in deterioration of water 
quality without renewal with fresh water. 
For the same batch of eggs, either control or subjected to the same 
electroporation condition, placed in the same hatching tank with several floating 
hatching facilities, the hatching rate generally differed by more than 10%, and 
40.14% in the worst case. Therefore, despite numerous electroporation trials done 
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in two mating seasons, the electroporation conditions were refined to a range of 
0,35KV to 0.38KV, SO i^sec, and 3 pulses. At this range of setting, approximately 
50% of fertilized eggs died after electroporation, which served as the reference 
point for embryo cells permeabilized by high voltage shock. 
Despite the ability of electroporation to cause death of tilapia eggs, there 
has been no evidence to support entry of gene construct in embryos, neither 
integrated nor extrachromosomal, by PCR screening tests. It has been suggested 
that the chorion of tilapia eggs is very tough, which undergoes a process called 
water hardening at the time of fertilization. Gene transfer in tilapia has to be 
carried out by microinjection through micropyle of fertilized eggs (Brem et al” 
1988), Moreover, even if gene constructs can pass through the tough chorion, 
entry into the single tiny cell at one end of the large yolk mass is questionable. 
Therefore, the feasibility of using electroporation for gene transfer in tilapia is 
uncertain. 
f . - . -
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Figure 4-16 Fertilized eggs of tilapia have a large yolk mass 
However, because of the ease and efficiency of electroporation, further 
attempts on assessing this means of gene transfer in tilapia eggs is worth. It is 
recommended that easily detectable reporter gene such as green fluorescent 
protein, p-galactosidase, chloramphenicol acetyl transferase and luciferase should 
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be used to verify the possibility of using electroporation to introduce transgene 
first. Recently, investigations of gene transfer by soaking sperm in plasmid DNA 
(Khoo, 2000) and electroporating sperm (Tsai, 2000) instead of embryos are 
underway. Electroporation on sperm can avoid problems dealing with the tough 
chorion. 
4.4.3 Improvements on gene construct design for tilapia 
The same criteria for choosing elements in the design of gene constructs 
for zebrafish discussed in section 3.4.1 applied to tilapia. The success in transgene 
expression lies in the choice of gene promoter and structural gene. The 
incorporation of border elements in gene constructs can shield position effects by 
neighbouring regulatory elements. 
Expression of GH transgene is no longer regulated by the hypothalamus 
pituitary axis. The level of ectopic GH that will be required to accelerate growth is 
continuously explored. Intraperitoneal injections of recombinant tilapia growth 
hormone showed dose-dependent effects on growth acceleration in juvenile tilapia 
at low doses of 0.5|ig per gram body weight (gbw) (Guillen et al., 1998) and 
0.1|Lig/gbw (Guillen et al., 1998; de la Fuente et al., 1998). High dose of tilapia 
GH (2.5|LLg/gbw) produced a negative effect on the growth performance (Guillen 
etai, 1998). 
No growth acceleration was recorded in transgenic tilapia lines with high 
ectopic tiGH mRNA levels, while only transgenic tilapia lines with lower ectopic 
tiGH showed growth acceleration, suggesting that the expression of ectopic tiGH 
promoted growth only at low expression levels (Hernandez et al., 1997). It was 
suggested that when ectopic tiGH levels in tilapia exceeded a certain value, the 
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effect resembled the physiological situation of low condition factor (for example, 
due to low food condition factor). It has been reported that fish with a low 
condition factor have elevated GH plasma concentration and low level of insuline-
like growth factor resulting in growth retardation (Duquesnoy et al., 1991). 
The deregulated expression of the GH transgene and its excessive level, 
has been known to be associated with several pathological conditions in several 
transgenic animals such as hepatomegaly, glomerular sclerosis and female sterility 
in transgenic mouse, gastric ulcers, arthritis, cardiomegaly, dermatitis and renal 
disease in transgenic pig (Pursel et al., 1989). 
All studies on administrating GH and GH transgenic fish have shown that 
low level ectopic expression of GH resulted in growth acceleration in fish without 
causing detrimental effects on fish health, and reproductive ability and capacity. 
As gene constructs used in the production of transgenic fish with enhanced growth 
characteristics so far did not include border elements, even the use of strong viral 
promoters might not guarantee high level of expression depending on position 
effects. 
It is anticipated that the use of a moderate or weak promoter for ectopic 
GH regulation to achieve a low level of transgenic expression at appropriate 
tissues will be ideal for gene constructs containing border elements to shield 
position effects. From the knowledge of piscine genes metallothionein, which has 
low ubiquitous expression in the absence of induction, seems the best candidate 
for this purpose. Transgene constructs can be tested on the qualitative and 
quantitative expression such as tissue specificity and gene product abundance 
using the convenient model fish, zebrafish, before transfer into tilapia. 
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Tilapia genome project is now underway with international effort, based at 
University of New Hampshire, to describe the tilapia genome, and to construct 
genetic maps of tilapia. The world wide web address of "The tilapia mapping 
database" by Roslin Institute (UK) is http://www.ri.bbsrc.ac.uk/cgi-
bin/arkdb/browsers/browser.sh?species=tilapia. 
These genetic maps will facilitate the improvement of strains with respect 
to traits of commercial importance other than growth rate, such as disease 
resistance and flesh quality, through selective breeding. As the molecular 
endocrinology studies on tilapia proceed, more genes will be found that there will 
be more choice in the use of structural gene and regulatory elements for making 
gene constructs. 
4.4.4 Ethical and safety considerations 
Ethical issues transgenic organisms 
The development of genetically engineered plants and animals has been 
controversial. Biotechnologists are accused of tampering with evolution by 
developing ways to control living things, for instance to alter the "natural state" in 
transgenic animals, which seems immoral for those who believe in the sanctity of 
life. Yes, we have long been interfering with other organisms, controlling living 
things for centuries. We plant what we want and where we want. We breed all 
sorts of animals and plants, trying to obtain the most desirable traits, from growth 
increment, disease resistance, to mere improvement of appearance in breeding 
pets. Some people argue that biotechnology allows control through unnatural 
means. Traditional selective breeding uses natural methods to produce new breeds 
of animals and plants from members of the same or related species, while genetic 
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engineering allows gene transfer between related and unrelated species, with 
greater chance of rapid success in achieving the same goal. 
Just as all living organisms participate in shaping and molding the world 
and its habitants, our development of new ways to reshape the world, as we 
always do, is not antievolutionary. With the better understanding on transgenic 
fish, there is now a broad agreement that there is no ethical objection to create 
transgenic fish per se, assuming that the novel gene does not confer any disability 
on the recipient fish. As the transgene constructs used are of "all-fish" origin, it 
should be realized that the transgenic technology does not necessarily produce an 
end-product which differs from that obtained by evolutionary or agricultural 
selection (Maclean & Rahman, 1994). The only difference is the time scale and 
the technology. 
Though the development of transgenic organisms has tremendous potential 
to benefit humankind in alleviating food, environmental and medical problems, 
there are also immense problems to be solved. The greatest concern is on the 
deliberate or accidental release of transgenic organisms into the environment. 
Environmental safety issues on transgenic fish 
The world has much experience with managing the introduction of exotic 
aquatic organisms. Aquatic species have been accidentally transported across the 
globe since transoceanic trading commenced, and have been able to successfully 
colonize new sites. Deliberate introductions were also common, especially in the 
1950s to 1960s, throughout the Third World to improve or establish aquaculture. 
For instance, tilapia had been dispersed from Africa to many countries all over the 
world. 
107 
There have been fears that transgenic organisms might pose risks to the 
environment. We cannot rule out the possibility of engineered fish accidentally 
end up in ponds, lakes, streams, and even oceans, where they could pose 
ecological hazards, disrupting trophic food webs, increasing competition for food 
and spawning sties, disturbing natural mating systems, decimating or even 
annihilating the already threatened wild fish populations or even leading to 
species extinction, just as the introduction of exotic fish may. The ecological 
impacts of transgenic fish depend more on their phenotypic performance than on 
specific gene constructs inserted into their genomes. 
Muir and Howard (1999) examined the possible ecological risks of 
transgenic organism release based on the relative mating advantages of large body 
size in many animal species, including fish (40% of the 186 animal taxa 
surveyed), and the typical viability disadvantage of transgenic organisms. This 
study predicted the species extinction of medaka in about 40 generations after 
transgenic release into natural populations. This was modeled by the introduction 
of a small number of sexually mature homozygous transgenic medaka harboring 
human growth hormone gene with a salmon promoter into a large wild-type 
population by recurrence equations. The transgenic medaka used was found to 
have a 30% reduction of early survival rate and a 4-fold mating advantages of 
males with 24% larger size relative to that of the wild type (Muir & Howard, 
1999). 
In another study to assess the potential environmental risk of transgenic 
channel catfish, a totally different approach was used. In this study, predator 
avoidance ability and growth performance of F2 and F3 transgenic channel catfish 
carrying salmonid growth hormone genes (RSVLTR-rtGHl cDNA, RSVLTR-
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rtGH2 cDNA, RSVLTR-csGH cDNA) and nontransgenic counterparts were 
assessed. Findings showed that nontransgenic fry and fmgerlings had better 
predator avoidance than transgenic ones on the whole, and the growth 
performance of both transgenic and nontransgenic channel catfish in ponds 
without supplemental feeding did not differ significantly. It was suggested that the 
limited food in natural environment did not allow the transgenic channel catfish to 
express their growth potential as those belonged to the same groups which were 
raised with the application of supplemental feed leading to 33% to 50% faster 
growth than nontransgenic individuals (Dunham et al., 1999). 
As survival under natural conditions is much more complicated than under 
artificial conditions, factors affecting survival includes selective value of new 
genotype, generation time and fecundity of the species, fish size, number of fish 
released, timing of release, physical fittness at the time of release, etc. As the 
transgenic channel catfish showed increased suspectability to predators and same 
growth rate when compared with nontransgenic individuals, it appeared that the 
transgene would eventually be eliminated in natural environment (Dunham et al., 
1999). Since released transgenic fish does not live on their own, and their survival, 
growth, and propagation in nature are highly dependent on internal and external 
factors, and interactions of both, thorough analyses of ecological risks must be 
conducted before genetically engineered organisms and their products can be 
commercialized. 
Precautions for producing transgenic fish 
To minimize ecological disturbance, measures in both physical and 
biological controls should be made in preventing the release of transgenic fish into 
the native environment. Transgenic fish studies should be conducted distant from 
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rivers and lakes and with secure containment facilities for the fish to ensure that 
genetically modified fish do not find their way into natural ecosystems. 
Moreover, given concerns about potential reproduction of transgenic fish 
in the wild, utilization of transgenic fish in aquaculture deserve careful measures 
to prevent genetic contamination of wild stocks by transgenic fish escaping from 
their fish farms if so happens. Methodologies such as induced triploidization, 
interspecies hybridization and hormonal sterilization have been developed to 
produce viable sterile transgenic fish guaranteeing the prevention of gene escape. 
Triploid fish are typically effectively sterile. Success in the production of 100% 
triploid has been achieved by cold, heat or pressure shocks in O. niloticus, cold 
and heat shocks in O. aureus, and heat and pressure shocks in O. mossambicus 
(reviewed by Mair, 1993). 
Safety evaluation of transgenic fish for dietary consumption 
When introducing a new food to the market or when the process by which 
the food is produced is changed, a food safety assessment should be made. As 
concluded in a joint consultation on biotechnology and food safety in 1990 
sponsored by the World Health Organization and the United Nations Food and 
Agriculture Organization, the use of newer biotechnological techniques did not 
result in food that is inherently less safe than food produced by conventional 
technologies. The concept of "substantial equivalence" was developed to 
evaluated the safety of food derived by modern biotechnology (Jonas, 1996). 
Before transgenic fish can be introduced into aquaculture, it is necessary to 
evaluate the safety of consuming them as food. Assessments on food safety was 
carried out on a transgenic O. hornorum hybrid tilapia line with stable integration 
of a single copy of transgene containing the huamn cytomagalovirus (CMV) 
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promoter linked to the tilapia growth hormone (tiGH) cDNA and the 
polyadenylation site from the virus SV40. Several studies on growth rate were 
performed to assay the phenotypic effect of ectopic expression of tiGH in 
transgenic Fl , F2 and F3 tilapia. F1 and F2 transgenics at different stages showed 
higher average weight on comparison with nontransgenic siblings grown under 
similar conditions (Martinez et al., 1996). Heterozygous F3 transgenics cultured 
with hybrid red tilapia and catfish under intensive culture conditions also showed 
a better (22.5%) growth performance than nontransgenic lines (Cabezas et al., 
1997). 
The behavior of F2 transgenic tilapia was compared with nontransgenic 
and wild type ones. The feeding motivation and dominance status were both 
higher in transgenic than nontransgenic tilapia, but was much lower than the wild 
type counterparts, who showed extremely aggressive behavior and high 
compatibility than others. These showed that transgenic tilapia would have less 
chance to survive in cases of accidentally escape or intentional introduction. The 
better osmoregulatory capacity in transgenic tilapia might provide them with an 
advantage for seawater adaption than their nontransgenic siblings and wild type 
tilapia. There poses no threat to the natural habitat as fertility of tilapia that 
survive in seawater is severely impaired (Guillen et al., 1999). 
The capabilities of tiGH to induce biological response in mammalian 
tissues or organisms were elucidated on parameters that were known to be 
modified by mammalian GH. Recombinant tiGH did not stimulate sulfate uptake 
in rabbit cartilage as bovine insulin and human growth hormone did in the in vitro 
rabbit xiphoid cartilage bioassay. In a short-term administration regimen in 
nonhuman primates to assess the in vivo activity of tiGH, there was no significant 
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modification in animal behavioral pattern, nutritional-metabolic balance as 
assessed in a wide variety of biological activities. These include food voluntary 
intake, body weight, heart rate, respiratory rate, body temperature, blood 
parameters (hemoglobin levels, erythrocyte counts, total leukocyte numbers, and 
packed cell volume), protein and carbohydrate metabolism (in the parameters of 
serum profile of glucose, total protein, and creatinine), and peripheral fat removal 
ability. Somatic growth (head-to-tail length, cranial diameter, and cranial 
circumference) and morphological changes in any organ or tissue were not 
observed. It was concluded that recombinant tiGH did not affect macaques in 30 
days of administration. The possible hazardous effects of consuming transgenic 
tilapia were also evaluated by human healthy volunteers in a randomized-blind 
trial, which showed no difference in the clinical and biochemical parameters 
before and after the onset of the experiment. Moreover, transgenic tilapia flesh 
was well accepted with a better flavor evaluation comparing with nontransgenic 
(Guillen etal., 1999). 
Concluding remarks 
With the accumulating knowledge on fish genetics and the increasing 
availability of piscine regulatory and coding sequences, it is anticipated that more 
transgenic fish models will be developed to study gene regulation and be applied 
to different fields such as environmental pollutants monitoring. Moreover, the 
developments of growth enhanced transgenics on commercially important fish 
species with transgenes using homologous gene and regulatory sequences are 
underway. The potential of these transgenic fish in aquaculture depends on 
consumer acceptance and environmental safety on their release, which have been 
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assured by some encouraging reports. It seems almost certain that the introduction 
of novel genes into aquatic organisms will make a major contribution to 
aquaculture by improving growth rate, health, or even flesh quality. 
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